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PART VII

DIGITAL AND HYBRID SIMULATOR COMPUTER PROGRAMS



Preface

One of the principal results of this work was a computer
program incorporating the analysis described in the first book of the
report. This program contained the control computation in a digital
program and the dynamics available either digitally or in an analog
computer for hybrid computation. The program writeup contained here
was separated from the main body since it was felt that the actual pro-
gramming and computation instructions would not have as wide an audience.

The description of the analog computer flow and the hybrid
setup contained in section 5 - 9 were prepared by Computing and
Software, Inc. to whom we express our appreciation for their contri-
bution to the completeness of this report.

The description of the digital program in sections 1 - 4

is, of course, the responsibility of The Mathematical Sciences Group.



PART VII

TABLE OF CONTENTS

Page No,

PrefACCeecesecsranssscssossanisssassscescasssssssssasssoscscsse 1
7.1 Digital Program DesScriptionicecececescecccccsescoccccs 3
7.2 Verification INformation.e.ececesssccasccscsccssssasese 18

7.3 Flow Charts For Digital ProgramMee.cecccecescecsccscesonss 40

7.4 Digital Program ListingS.ieeecessccsecccsescccaccnnnans 52
Ideal Modeleseeesescecacsossoosccscasososnscnncnns 53
SensOr Modelee.iieeesocncasossccscssnsssansnsnnes 70
Elasticity Model.issceerocesoocasscacoscncnasacnns 91

7.5 Simulation Model For Analog Computer....sseecscessaces 108

7.6 Overall Hybrid Simulation.e..cecoceocceioscoccccencans 112

7.7 Simulation Setup ProcedureS....ccsececccsssasocsnsnsccs 114
7.8 Analog PatcChingee.eceeececccscecscescacecoccoscscoscns 115
Initial Condition SetUPea..sccccsccccsssvcsssenna 116
Dynamics & CONtrol.ccessccceccescecvocccsecancnas 118
Thrustor MisalignmentsS.eeesesccesoccsscaccansasas 126

Thrustor Real Effects & Fuel Consumption.ecesseces 130



7.

7.1 Deseription of a Computer Program for Optimal Control Synthesis and

Satellite Attitude Manuevering Simulation.
I. Subprogram Description

The program is written in Fortran IV for the SDS 9300; an alter-
nate version is acceptable to the IBM 7094. Following are the names of
the various subprograms together with their approximate word length:
"MAIN" - 1400; "INIT" - 510; "STUP" - 116; "TOR" - 1403; "REG" - 1130;
"DTOA" - 143; "ATOD" - 66; "OUT" - 86; "RK" - 270; "DER" - 222, Operation
of the program may be purely digital, or hybrid in conjunction with the
HYDAC 2000. 1In the former mode both the control synthesis and the
dynamics are done digitally; in the latter, the attitude simulation
is done by the HYDAC 2000, angles and rates being sent to the 9300,
it determining applicable controls and transmitting these back to the

analog computer.

""MAIN" is the executive branch of the program. It reads
all input quantities, determines the mode of operation, calls upon the
various subroutines at the proper time, does some computation neces-
sary for initialization and ground track determination and decides
when a run is to bg terminated and a new run is to begin. Further,
in optional versions of the program which include sensor and elastic

effects these calculations are also done in '"MAIN'".

Subroutine "INIT" does the major portion of the initializa-

tion prior to actual execution. Input to the program is in terms of

1
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latitude and longitude on the earth, whereas control is with respect
to a coordinate system whose origin is in the satellite. "INIT" de-

termines the initial angles and angular rates in this coordinate system.

"STUP" determines the elements of the three by three matrix,
C, referred to in the section on coordinate systems. Three angles
are furnished as arguments of the subroutine; the nine matrix elements

are computed.

""TOR" determines torques on the three principal axes which are
caused by solar pressure and the earth's gravity gradient. It was
-demonstrated by a series of runs that these torques are sufficiently
small so that they may be replaced by small constant torques without
essential change in either angles or rates during the course of a
single slewing maneuver. Since this subroutine requires over 1400
" storages, as various additions and modifications were made to the
program it Qas found necessary to replace it by a dummy routine in

order to comply with storage'restrictions on the 9300.

"REG" incorporates all normalization and logic for the deter-
mination of control. After all angles and rates have been sampled
"REG" is called to determine for each of the three axes whether the
control torque should be positive, negative or zero, considering the
weighting of the cost function parameters. "REG" then further con-
siders the estimated arrival time of all three axes assuming these

control policies are adopted. It then modifies these policies to
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prevent large differences in arrival times while guaranteeing that
the maximum overall time to reach the target is not increased.

Controls are then transmitted to ''MAIN".

"DTOA" is a digital-analog interface subroutine which trans-
mits three controls and three disturbance torques to the analog computer

each time the subroutine is called upon by the timed interrupt.

"ATOD" is a similar subroutine to "DTOA", except that here
three angles and three angular rates are transmitted from the analog

to the digital computer.
"OUT" is the output subroutine which does all the printing.

"RK" does the numerical integration of the six differential
equations via the usual fourth order Runge Kutta formulas. When
elastic effects are included in the program ten differential equa-

tions are integrated.

"DER" merely calculates the values of the six or ten derivatives
involved in the dynamics. It is called upon by "RK" four times for each

complete forward step.



II. Imput to Ideal Model Program
Card 1: FORMAT (2I5, 5F10.5)

Field 1: NA serves two purposes. If zero the hybrid computer is to
be used, control being handled digitally while the dynamics are
simulated on the analog. If positive the program is to be executed
digitally only, in which case NA 1s the number of integration steps

to be taken between samplings for possible control changes.

Field 2: NB 1is the number of samplings between printouts. Thus if
NB is 1 output will be printed at each sample time; if NB is 90000

no output will occur in a normal run.

Fields 3-5: PA, PB and PC are all scale factors which are used in
transmitting torques, angles and angular rates digital to analog so as
to keep the voltages on the analog compute£ within the range of the
equipment. These factors depend naturally upon the wiring of the
analog patch board. The most recently used factors were -5.0 x 103,

5.0 and 250.0 .

Field 6: Z is merely a dummy variable to indicate whether the dis-
turbance torques are to be calculated from the subroutine "TOR" or
whether they are to be read in as constants on card 6. If Z equals
0 the subroutine is to be used, if not the torques are to be read

in.

7.4
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Card 2: FORMAT (9F8.5)

Fields 1-3: 2ZI(1-3) are the moments of inertia about the three principal

axes, the latest values being 3580, 1970 and 2000 slugs/ftz.

Fields 4-6: ZM(1-3) are the thrusts exerted by the jets on the three

principal axes, the latest values being .08, .04 and .12 1b. respectively.

Field 7: AL(l) 4is a multiplier of the cross-coupling terms in the differ-
ential equations and gives the user the capability of removing these terms
from the digital dynamics by setting it to zero. For the complete dynamics

AL(1)

1; for single axis dynamics AL(1l) = O.
Field 8: AL(2) is unused and should be unpunched.

Field 9: AL(3) is the longitud2 of the satellite, i.e., the satellite
sub-point, with the convention that a negative quantity represents a west
longitude and a positive an east longitude. Since the satellite has
usually been assumed to be over the United States, -100. has been most

commonly used.

Card 3: FORMAT (9F8.5)

Fields 1-9: ((zZL(1,J), J =1,3), I = 1,3) are the weighting parameters
which determine the cost function to be minimized. The index I denotes
the axis, the index J refers to the parameter being weighted, i.e.,
time, fuel or energy. Although the capability for independent weighting

on different axes exists, no application has been made of this feature.

5
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Thus, fields 4-6 and 7-9 are repetitions of 1-3. For a run to be strictly
time optimal card 3 should read 1, 0, 0, 1, 0, 0, 1, O, 0. Such a run,
for a Mohave-Quito maneuver, takes 131 seconds. The same run with card 3
reading 1, 2, .00005, 1, 2, .00005, 1, 2, .00005 takes 178 seconds and
uses about one-half the fuel. With card 3 reading 1, 8, .00005, 1, 8,
.00005, 1, 8, .00005, 1, 8, .00005 the run takes 306 seconds and uses
about one-third the fuel.

While it is true that the weighting parameters for a cost
function such as this should sum to one, for computational purposes it
is not necessary here. In order to study the effects of varying these
parameters it is more feasible to fix two of them and vary a third. It

is reasonable to set ZL(1,J) equal to 1 for all cases. If one wishes

to study variations of ZL(2,J) then fixing ZL(3,J) at .00005 will
permit any positive values for 2ZL(2,J). However, values larger than
10 will result in no significant fuel savings. Similarly, to study

ZL(3,)) setting 2ZL(2,J) at .00005 permits all positive values for

ZL(3,J). 1In this case the maximum rate is limited by approximately

1
ZL(3,J) °

Card 4: FORMAT (9F8.5)

Field 1: AX 1is used in time synchronization, the first step of which
is to find which of the three angles will require the longest time to
reach the origin. The estimated time for this angle is then multiplied

by AX and this product called TMAX. TMAX is now compared to the es-




7.7

timated time for each of the other angles to determine whether control

policy should be changed to make arrival times more nearly the same.

Field 2: BX 1is a safety factor for the time synchronization. The es-
timated time of arrival for any axis whose thruster is to be cut off for

time synchronization purposes will be at least BX seconds less than TMAX.

Field 3: XF was originally used to prevent zig-zagging on the final

leg of the path to the origin. 10. 1is a good value for this parameter.

Field 4~6: PIB, ROB, YIB are the angles (in radians) of misalignment of the "B"
system with respect to the "P" sgsystem and are normally assumed to be

zero.
Card 5: FORMAT (9F8.5)

Field 1: YO is the angle of rotation about the pointing axis 2, in
degrees, when the body is in the holding mode. This angle must always

be very small and is usually input as zero.

Fields 2-3: AT and ONG are the initially assumed latitude and long-
itude in degrees to which the satellite is pointing when the maneuver is

to begin.

Fields 4-5: XLAT and XLON are the latitudes and longitudes of the

target in degrees.

Field 6: DT 4is the time increment (in seconds) which is used as the step size

in the integration subroutine.
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Field 7: AE was an experimental parameter which is now fixed at 5.

Its purpose is to prevent chattering along the rate limiting line w = S.
It sets a minimum band width for which thrusters are to be cut off. Its
units are radians per second. However it must be multiplied by the ratio
of moment of inertia tolthrust before being input. Since this ratio is
approximately 20,000, the value 5 actually represents a band width

of about .00025 radians/sec.
Card 6: FORMAT (9F8.5) - Optional

Fields 1-3: T(1), T(2), T(3) are the disturbance torques in foot-
pounds which are used to replace the calculated torques from TOR when

Z of card 1 is nonzero. If Z 1s zero this card should not appear.
Card 7: FORMAT (9F8.5)
Fields 1-3: Elevation misalignment angles for the positive axes 1-3.

Fields 4-6: Azimuth misalignment angles for the positive axes 1-3.

All angles are in degrees.
Card 8: TFORMAT (9F8.5)

Fields 1-6: This card is the counterpart of card 7 for negative axes.

10
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I1I. Input for Sensors

The input for the operation of the program with sensor real
effects differs only in card 4 from that of the ideal model. TFields 1-3
are AX, BX and XF as before. Fields 4 and 5 are ZKl1 and ZK2,
which correspond to parameters Kl and K2 in the sensor write-up of
the technical report, and are currently .l and .005. Field 6 is SD,
and is used in the random number generator to determine the standard
deviation currently 0.00063. Fields 7-9 are PIB, ROB and YB, which
in the ideal model input appeared in Fields 4-6.

The values of ZK1, ZK2, and SD are not arbitrary but are
very much determined by satellite system specifications. The value for
SD has been carefully derived on the basis of oral communications with
the appropriate GSFC technical persons. That derivation is given in
Appendix F, Part 1 (Filter specification (choice of K)). The values
of ZK1 and 2ZK2 are intimately involved with the signal noise SD,
the sampling interval ¢ and also the modeling errors. This depend-
ence is described also in Appendix F, Part 1 (computation of K.)
Referring to Appendix F, Part 1, Fig. 3, we can see the region from

which possible (not necessarily good) values of K may be selected.

IV. Input for Elastic Effects

Card input here 1is identical to that of the ideal model

through card 5. Card 6 uses fields 1-3 for the three disturbance

11
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torques as before. Field 4 is for the length of the boom in feet.

Field 5 is for the mass of the boom in slugs. Field 6 is for the spring
constant in slugs/sec2 and field 7 the damping coefficient, which is
dimensionless. It should be noted that the moment of inertia of the
elastic boom is already included in the moments of inertia about the

principal axes.
V. Operating Instructions

Several sense switch options are available to the operator.
When running digitally sense switch 1 may be set, whereupon computations
will halt and a new print frequency; NB; is to be typed in FORMAT (15)
on the on-line typewriter. Before depressing the carriage return switch
1 should be reset to prevent halting again. The print frequency may
be changed any number of times during a run using this procedure.

Switch 2 is used for terminating a run and reading in new data.
When switch 2 is set computations will cease, and terminal conditions
printed if in digital mode. After inserting new data into the card
reader it is only necessary tovpush the carriage return to start a new
run.

When operating in the hybrid mode when the satellite has
reached its target control will be cut off, and no communication is
possible between HYDAC and the 9300 until at least one plotter pen has
been removed from the origin and then switch 3 set. Hybrid operation

will resume at this time.

12
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Setting sense switch 4 allows one to type in YO, AT, ONG,
XLAT and XLON in FORMAT (5F5.3) after all data cards have been read
in. These typed values will override the corresponding values already
read in. However, this must take place at the beginning of a run before
internal looping has begun.

In all digital runs when the target is reached terminal con-
ditions will be printed on the on-line printer and '"PAUSE 16" will
appear on the typewriter. Inserting a new set of data and pushing the
carriage return will start a new run. In hybrid runs after initial
conditions are printed computations will cease and “SET ANALOG - PAUSE 11"
will be typed. After setting up the HYDAC the run is initiated by the

carriage return.

13
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GAMPLE INPUT FOR HYBRID RUN ( IDEAL MODEL)

1 1 1
a " a
00,,,,,000--,,,000,,,-,00000000060000000000060000000000000000000000000000000000000
V23455 78 910712131 151517 181920217229 24 2526 27 2029 30 31 32 33 34 35 36 37 38 38 4D 4142 43 44 45.45 47 4843 50 51 52'5) 5% 55 56 5756 59 60 61 62 61 64 65 66 67 68 6970 11 12 T3 14 1576 11 7879 8+
(AR R R R R R PR R R R PR R R R R AR R R AR R R R R R R R R AR R R R R AR R R AR R R AR R R R RRRRRRRRERRE

22222222222222222222222222222222222222222222222222222222222222222222222222222222
3.3333333,3333333,33333333333333333333333333333333333333333333333333333333333333

44444444444444444444444444444444 444444848 4034444444448344444484444404448448444442844
55555555555555558555555555555555555555555555555555555555555555555555555555555555
666666666666666666666666666666666666666666666666666666666666666666666666666626866 .
1177117001100 007777777010201177100700000 0017117 117907707007100710717171171717171711111171111111
8 8888868 5088688 B8888888388888888808888886858886888888880888888888388868888888888
99 999899
123456718

~

;w

999999999995999959599999999999999999999999999599999939994939999999993999
11921334 4516 17 1819 20 21222326 25 2627 2829 30 31 37 33 J4 3535 37 38 09 40 41 47 43 44 45 46 47 464850 51 57 53 24 4 s S/ 58 39 60 64 67 63 ba bl 66 61 68 b3 i /1 2 13 M i db 41 18 49 Ay

9
s581]

Ij
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SAMPLE INPUT OF ELASTICITY RUN (DIGITAL)

22222222222222222222222222222222£2223222222222222;22222222222222222222222222 222

3,.3333333,3333333,3333333333,3333,3333333333,333333,3333333333333333333333,33333
4404844844844444484444444448444404848444840 38448404088 446348844483444444484444844444
5565555555555555555555555555555555555555555,555555555555555555555555555555,555555
E6666666666666666666666666666666666666666666666666666666666666666666666666666 46
7777771017 7177171797771092710000 0070000017110 1 1091901711110 111101111111177111111717111
8 8888888 8888888 8888888888 8888 5 88888868 8880888 8888888688888 0388888888888888
3999999599999999999999999997°999999599999999999999999999999999993999999999393393939
173456189 50 181921 2 : : : ’ 1758 55 6 BB REIN0 N TN E g
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OUTPUT

Input from cards 7 and 8 are printed first in the same order.
Two 3%3 matrices are then printed, these being multipliers corresponding

to positive and negative control torques. If we refer to the elements

of the first matrix as Aijl and those of the second as AijZ’ then let
Aijl if Ui 20
bij =
AijZ if Ui <0 ,
where Ui is the current control torque for axis i. The effective
control torque ﬁi is then given by
_ 3
U, = Zblu
1 §=1 J 3]

Following a page eject the other input parameters appear as
follows.
Line 1: All weighting factors ((zL(1,J),J=1,3),I=1,3)
Line 2: Yaw angle, initial latitude and longitude, target latitude and
longitude, angles o,Y and 7 in the BS system, DT.
Line 3: AX, BX XF, AE.
Line 4: T(1-3), followed by the scaled torques for HYDAC.

The body of the run appears next,'and for the ideal model its

format follows.
Line 1: Time, p, Y, 7, Wiy Wys Wa, latitude and longitude of the

pointing vector.

16
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Line 2: o, Y, m, Wys W

(1,‘1, 3.
Line 3: Control torques (ul, u,, u3), T(3), normalized p, normalized
wl, S.
The body of a run with sensors has identical lines 1, 2, and 3
as that of an ideal model run. An additional line appears, however,

which contains filtered angles o, Y, m, estimated and

“10 Y20 U3
unfiltered noisy angles ¢, Y and .
The body of an elastic run has the following appearance.
Line 1: Time, p, Y, ™, Wys Wos Was 9, and 455 (displacements of the
point mass with respect to axes 1 and 3), ql and ﬁ3.
Line 2: 9o, Y, 7, Wys Wyy Ogs Q75 g q3 and q3.
Line 3: XM, XL, D(13)-spring constant, D(1l4)-damping coefficient.

Line &4: Uy, Uy, Ug, ground track latitude and longitude.

17
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7.2 Verification Information

7.2.1 Introduction.

An integral part of the construction of any digital program is
the checkout. This involves establishing that the formulae which represent
the analysis have been correctly mechanized and also verifying that the
analysis is true, perhaps by showing that it works for simple cases such as,
in our program, single axis slews.

A great variety of experience with the program, only a portion of
which is described in the two parts of this report, has given us great
confidence that it simulates the motion correctly. Part of this confidence
stems from the modular construction, enabling us to use established sub-

routines in many places.

7.2.2 Euler Angle Calculations.

An elementary test for initial condition calculation involves the
single-axis relations. That is, the computation of the Euler angles

(¢br’ wbr’ ebr) of the body in the target system when only one angle is

perturbed. This procedure works, for instance, when the satellite points
to its subpoint with no yaw and the target lies in the equatorial plane,
6 * 0.

Figure 7.2.1 shows

where GT is target longitude, positive east of Greenwich.

GI is initial longitude, positive east of Greenwich.

K = 6.610808, the ratio of the orbit radius of a synchronous

satellite to the radius of the earth, = %—

e
18
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e(eT,eI)

S(BT,O) - e(elyo)s

and

e(-eT,O) = - 8( ,,0) .

T’
Therefore, only the basic curve 6(6T,0) 0 < BT < 90 1is really necessary.

For latitude calculations, note that

¢(¢T,¢I) = - e(eT,eI) .

For check purposes, several points on the curves were computed by
the machine and marked with x's, the calculations being done both in
latitude and longitude.

A more detailed analysis for three axis freedom was then per-
formed. It checks explicitly only the calculation of the initial euier
angles (¢, w,e)br as determined by target latitude and longitude, initial
latitude and longitude, initial "yaw'" angle vy, and the longitude of the

satellite subpoint. Actually, however, these checks are rather more

19
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comprehensive, since the calculations are performed in a subroutine which
is used elsewhere in the program.
The following procedure was followed in checking the transformations.
The pertinent formulae were derived by persons not involved in
the original problem difinition. These formulae were programmed on a small
digital computer using a non-Fortran language and not referring to the code
presently used in the simulator.
Then a number of spot checks were run and the results compared
with those from the simulator. These results appear in Table 7.2.1.
The formulae used in tﬁe small computer are:

_ cos ¢T sin eT

tan 6 =
rs K - cos ¢T cos GT
can ¢ ) 51n¢T
rs cos Grs(K—cos ¢Tcos GT)-cos ¢T31n eTsiners
¢T = target latitude
eT = target longitude
K = 6.610808 ratio of synchronous orbit radius to

earth radius.

ers’ ¢rs are the pitch and roll angles through which the §
system must be rotated, pitch (ers) first, to align with the R (target)

system.

cos ¢I sin 6

_ I
tan eIs K-cos ¢I cos 61

sin ¢I

tan ¢ = "
Is cos GIS(K cos ¢Icos 81) cos ¢Is1n eIsin eIs

20
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¢, = Initial latitude
= Initial lougitude.

eIs, ¢Is ire the pitch and roll angles through which the S
system must be rotated to point at the initial latitude and longitude
and maintain minimum angle between the body 3~axis and north.

We now assume an arbitrary rotation of - y takes place about
the body 2-axis. This rotates the three axis out of a plane defined by
the satellite center and a north pointing vector through the target, and
thus increases the angle between the polaris sensor and north.

This will not be the body yaw because yaw is the second euler
angle. This is the yaw angle of a second set of euler angles.

Using this yaw angle along with BIS and ¢Is we can define
a new set of angles ebs’ wbs’ and ¢bs which are the euler angles of the

body with respect to the § system including the yaw angle vy.

These are given by:

. =1,
wbs = gin " (sin y cos ¢Is)
¢, = sin_l(sin ¢, /cos ¥ )
bs Is bs
., -1 , . .
ebs = sin <Eéln e[s cos Yy sin y sin ¢Iscos GIS)/cos w;;).

Having the euler angles of the body with respect to the S
system and of the R system with respect to the S system, we can solve
for the euler angles of the body with respect to the R-system.

These are:

-1
= i 1 i 0 - 8 51
wbr sin <§1n ¢rscos ¢b851n( s bS) + cos ¢rsb1n wb )

<
|

-1
= - 8 -8 >
- sgn(ebs ers) cos <E;os whscos( s bS))/cos wb

I

-1
. , s o .
sin (Z?os ¢r851n ¢bscos wbs sin ¢rscos ¢bscos( s 8 )

bs

Y

s . . cocg -
sin ¢r551n ¢bs sin wb531n. s Gbs))/ cos U%;>

21
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Theoretical investigations show that the largest yaw (ybr)
which can occur 'maturallv’ (initial yaw zerc) is in magnitude less than
2.3%. Notice that the largest value appearing here is about 0.8° and
occurs on the Quito-Mojave maneuver.

Since both of these calculations were carried out on digital
computers, it is proper to ask why even small discrepancies appear. A
possible source is the different computers and different input routines.
However, we feel that the primary cause is a poorly chosen formula used
in the checks - i.e., the simulator is probably more accurate. (Use of

inverse cosine in the vicinity of 6 = 0.)

22
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Then

which agrees with the equations 2) and 3) in Appendix C.

To check this work further the transformations between the MSG

and (3652) systems were substituted directly into (C2) and the same

results were obtained in the MSG system.

II. Torque Calculation.

From (3652) we have

T
Tb B = - [Ue, UW’ U¢], S0
Tb = - sin¥Y cosY sing
0 - cos¢
1 0
N
or —
0 0
- sin _
Tb - cos V¥ cos ¢
cos .
cos ¥ sin ¢
T

This checks equation 11) of the Appendix C, compared with (C7) of (3652).

(=]
1]

8 1

sin 0 cos ¢) + 2I33a3

25

—_—7—1 e
cosyY cos¢ Ue
sing U\{J
0 U¢
B N
—_ .
1 Ue
_ sin sin ¥ U
cos Y ¥
_sin ¥ cos ¢ U
cos VY ¢

21 1al(cos 8 cos ¥) + 21

2232(— cos 9 sin ¢ sin V¥

7.22

(sin 68 sin ¢ - cos 6 cos ¢ sin ¥)
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7.2.3 Verification of Gravity Gradient Torques
Qur fiist task is to verify that the correct equations are

used. To do this wz compare NASA TN D-3652 with Appendix C.

I. Moment of imertia Calculation

On page 33 of 3652 appears the equation

+ 21 a,a, +
Xy

ZIxza a, + ZIyza a, , (c2)

which represents the moment of inertia about the local (geocentric)
vertical in terms of the body system moments of inertia.

The vector [0, 1, O] is the local vertical unit vector in the
MSG S-system.

Referring to Appendix G we find that the local vertical unit

vector in the MSG body system will be

sin ebs cos wbs

~ sin ebs sin ¢bs sin wbs + cos ebs cos ¢bs

’ - cos ebs sin ¢bs - sin ebs sin wbs cos ¢bs |

26




+ QIl?(a.{~ cosd sing siny - sing cos¢) + az(cose cosv))
+ 2113(a1(- cosf cosé sin¥ + sing sinz) + 33(cose cosY))

+ 2121(32(— cosd cos¢ sin¥ + sing sinc ) + a3(- cosf® sin¢ sin¥-sinfcosd))

U, = 21 1al(— sinf sin¥) + 2I2

¥ 11 az(- sinf sind cosV)

2

4+ 21 3a3(- sin® cosd cos¥) + 2I

3 (al(— sin® sin¢ cos¥)

12

+ az(- sinf® sin¥)) + 21 sin® cos¢ cosV)

13(al(-

+ a3(- sin® sinVy) + 21 (- sin6 cos¢ cos¥) + a3(-sine siné cosV))

232y

U, = 2I

o 22a2(— sin® cos¢ sin¥ - cos6 sing)

2133a3(31n6 sin¢ sin¥ - cos® cos¢)

+ ZIlZal(— sin6 cos¢ sin¥ - cosf sing)

+ 211 al(sine sind sin¥Y - cos6 cos¢)

3

+ 2123(a2(sin6 sing sin¥ - cosf cos¢)

+ a3(— sind cos¢ sin¥ - cos@ sin¢ ))

. ) 2 _ 2
Tbl = 22 [-I,ya,a3 + Tgqapa5 = Ijpajag + Iygajay + Ips(ay” = ag))
- oo 3 _ 22 -

b, T 3 (142125 = 33835 + Ijpapag + Tig(agi-a)7) + Ip3(-a)a,)]

3 _ 22 _
T ;3 [1,,(-a,3,) + I,5(aja)) + I (a)7-a)") + Ip4(-ayaq)

+ 123(ala3)]

This checks the torque equations. Remember, however, that

(9, ¥, ¢) appearing in I) and II) are (ebs’ Wbs’ ¢bs)’ whereas the running

. . 0 iy ¢
angles of the simulation are ( br* br’ br)*
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III. Numerical Ciecks.

Having established that the equations are correct, we must
verify the programming. To this end a program was written on our terminal
and the results compared with the simulator.

An arbitrary care was selected with

¢br = ~.072248
Wbr = .17572
ebr = ~.029535
6 = .064267
rs
6 = .036348
rs

This gave
¢bs = -.0353552
Wbs = ,17453
6, = .0283034
bs

Using a principal axis body system with moments of inertia

I1l = 2686
122 = 1846
133 = 1617 .

both programs gave the same gravitational torques

Tl = -1.10678 E-7
T2 = 1.44113 E-8
T3 = -3.71911 E-7
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7.2.4 Verification of Solar Pressure Perturbations

Our object is to review the analysis appearing in Appendix B and
to establish that the mechanization of that analysis is correct.

The physical assumptions are fairly standard. The behavior of the
photons is considered to be that of small particles with momentum determined
by the frequency. Thus momentum is transferred by absorption or by reflection
from a smooth surface. The approximation of the satellite by a paraboloid
is a necessary approximation to bring the geometry of the problem within reason.

Each equation in the absorptivity section was checked and changes
made where necessary (mostly minor typographical changes). For a check on the
magnitude and sign of the torque, the absorptivity torque was calculated for
the radiation beam coming in at 90° (6 = 90°) to the axis of symmetry of the
paraboloid as follows. Since the force due to absorbed photons is the same
for ahy two bodies casting the same shadow, we may calculate the torque using

a parabola in the yz plane.
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The equation ol the parabola is z = £ - sz- The element of force is

dF = (2ydz)S, where S is th: sciar constant. The element of torque about
the y axis is ¢7 = zd¥ and is positive (since x, the incoming beam, and the
force are all out of the -age). Other torques about the origin are zero by

symmetry. Thus:

n

>
T = 28 vzdz

© 0
v
= 2sJ /—-;Ezdz
O

changing variable to u = (&-2z)/y, we integrate to

- 2
2 iz >5’21o

2 2-z \3/2
= 25[- 3 v&( ” ) +

=}
i

or

3
#

s /& 842 sor §5=090° .
Y 15

Taking the limit as & » 90° for the last equation in Ta on p. 161 of the MSG
report, we obtain the same result. For the actual dimensions of the satellite
and-S = 9.4 x 10_8 pounds/ftz, this is approximately Ta =7.9 x 10.6 foot-pounds.
The sign of any absorptivity torque is always positive or zero. If
the parabola in the last figure is revolved about the z axis we have the given
paraboloid. The x axis is out cf the page and the ; vector (unit vector from
the sun to the satellite) makes an acute angle with the positive x axis and y
is normal to ; (definition of x and y axes). Since the force is in the
direction of ;, the torque about the y axis is always positive or zero. The
torque is zero when either the upper or lower surface of the paraboloid is

fully illuminated by symmetry of the shadow on the z = 0 (or z = %) plane.

The torque becomes zero when the sun's rays are just tangent to the lower lip

30
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. . . . . dz
of the paraboloicd. Referring to the preceding figure, we may evaluate E;
. honsn . dz
at the point (v, = {- “./., ). At that p01nt-;:f = 2V/%y . The
~iz=0

angle dcrit is between t™e z zils and the incoming beam so that

1

tan Scrit = .

Another critical angle is obtained frem the peint {(+vi/y, 0) equal to m - Scrit.

Thus Ta is non-zerc only for

Scrit < & < 1 - Sc¢rit .

To check the fact that non-zero Ta are positive, note in Appendix B, sect.
3 that all terms in Ta are positive with the possible exception of
2 2 . 2 2 \
tan~ & 2°8/15 - /vy 4/15. Using the smallest value for tan” § = tan~ dcrit
and the actual dimensions of the satellite, we see that these terms are also
positive.
Each equation in the reflectivity section was checked. There are

four cases occuring in the reflectivity situation depending upon the rela-

tion of & to 6 crit. These cases may be summarized.

Tlluminated Illum, of Ilium., of
Case §_range from Upper Surface Lower Surface
I (0, Scrit) Below None Complete
11 (Serit, %0 Below Partial Partial
111 (121, T - Scrit) Above Partial None
IV (m - Serit, m) Above ~ Complete None

To determine the magnitude of this torque, we will determine the
maximum value and the signs for case I. For this case, we integrate the
equation in Appendix B, section 5 over even limits X, = -V /v, X, = +/2/y.

2
Since the limits are even, on expanding (2yxsiné + cos$)
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we see that only the cross term 4yxsind cos$ makes any contribution. Dif-

ferentiating
WY (Afy-x
T = (-4S5)(2ysin2§) x[2v X -x(2y2—1)+2y Xy ]
T 2 2 2 dxdy
where we have substituted 2siné cos$é = sin28 and sign(cos8) = -1 (for il-

lumination from below, case I).

The integral in the last equation is over half of the base circle.

We may transform to polar coordinates r2 = x2 + yz, X = r cosb to obtain:
s ( 2cosze)[Z 2 2-(2 2-1)]
= (-48) (2ysin28) 2 LI ALY rdrde
2.2
1+4y"x
0 o

Since 1-2y% > O for this paraboloid, the sign of Tr is always negative (for
case I). The maximum value of Tr with respect to § is at § = 45° (allowed
for case I since 45° < Scrit =~ 66.6°). Thus for case I, Tr is a sine function
with amplitude determined by the last integral above.

This last integral may be integrated explicitly. Integrating

i .
J coszede we obtain-% . Changing variable to u = 1+éy2r2, we have
o

1+4v2 2
Tr = -4Smysin26 [2y 2( LS 1 )2 + (1-2v2)( u-; )] duﬁsY
1 w’ 4Y
or
1+4ye 2
T = -2 snd ginzs [ Lo (iRt (22 Ly gy a
r 2 Y 2 u 2 u
1 & o

2
2

) .
=-L1g, = sin2g [———— (tnu-2u+ 5= ) + ( lzzl- ) C pautu )]1+6Y2
82

Y
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1
T = -7 ST Tsin2s [ =55 (n(l+hyR)-2(4vh) + 2(1+4y2)? - 1)

+ (B2 ) can(@eay0) + 4y0)]

by
St . n(l+4yR) - 4yR + 8Y222 1-2v4
Thus |T |max = o= [ 5 + (2 ) (- @Hvn) + 4yR)]
8y 4y
or
lTr|max =-§Ej§ [(~1+4v ) n(1+4YR) + 4yR - 8Y222]
16y

For this paraboloid:
_ -4
ITrlmax = 1.83 x 10 ~ ft-pounds.

. -2
Since Y& = 4,696 x 10 © is small compared to one, we can get an in-
teresting approximation to lTrImax. Expanding the £n term and retaining
2,2 .
Y“%" powers, we obtain

2
|Tr|max = 532 = Sn(VR/Y)ZQ .

Now V%/y is the radius of the base circle for the paraboloid and % is the

depth. Thus
IT Imax = SV
T c

where Vc is the volume of the right circular cylinder which circumscribes

the paraboloid and has the same axis of symmetry. This approximation gives
|Tr|max = 2,16 x lO“4 ft-pounds.

The value of Tr integral for case IV is the negative of that for

case. I. Since sin28 is also negative for case IV, we have that Tr for

33



7.30

case IV is always negative and that the same value of ITr[max is valid.
Since ITrl for case I is decreasing as we approach the case II region (and

similarly for IV and III), the above value of lTrlmax appears to be the maximum

" for all 6.

Numerical checks.

In order to check the numerical results for the solar torques com-

puted by the simulator program, several things were done. First, the absorp-

tivity torque (Ta) and the reflectivity torque (Tr) were calculated
separately; second, certain formulas (described below) were re-programmed

for the remote console at MSG and the results compared with those of the
simulator program; third, the checks previously discussed in this write-up were
applied to the numerical results.

The equation used on the remote console for Ta is:

Ta= SCOSZG /&-— -—2-1——2— X
4y tan” §
228 2. 24 1 1
[——15 tan6—7ﬁ+_2 5 ]
30y” tan"§

The four cases occurring for reflectivity are treated according to

Table 7.2.4.1 where the functions therein are defined as follows:

X
1
- . 2
W(xo’xl’yo’yl’a) z J (2yxsind+cosb) [h(x,yl) - h(x,yo)]dx

X
o}

where Xos Xps § are constants, Yor ¥q are functions and
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2.3
By () = Bl

1
tan
b 1+4y 25 1+4y 2
‘/ 2 2
4y 4y

2 2
+§[y- ity x -1

— ]
by’ 2.2
1+4y"x
2
4y

The angle o between the plane of the satellite's orbit and the

plane of the earth's orbit was arbitrarily set at 20.5° and a selected set

of data appears in Table 7.2.4.2. The angle ese in the table is equal to the
angle of the satellite as it travels around the earth in its orbit (ese = 0°
being the point closest to the sun). The relation between ese and § for this
case is cos$ = - cos 20.5° cos 0 e
. We see from Table 7.2.4.2 that there is basic agreement between the two
sets of results. The maximum percentage error between the two runs is about

3%. The differences are probably due to the different machines and different

integration subroutines used.

For other checks mentioned in this write-up, note that the absorp-
tivity torque Ta at § = 90° (ese = 90°) is Ta = 7.9 x 10_6 ft-pounds. We

see that the non-zero Ta is always positive and that Ta is zero outside of the

range
Serit = 66.6 < & < 113.4°
(64.9° < ® < 115.1°)
se
The reflectivity torque maximum approximately checks lTrlmax = 1.83 x 10—4
‘ and occurs near § = 45°(ese = 41.4°). The Tr torques are always negative for
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cases I (0 < & < 66,6°) and IV (113.4 < § < 180°) i.e., I (115.1 < ese < 180°)
and IV (0 < B © 64.9°).

Figure 7.2.4.1 is a plot of total torque T = 0.75 Tr + 0.25 Ta versus
o = 180° -8, In the ranges Q0 < 6 < 66.6 and 115.1 < 6 < 180°, Ta is zero
and T = 0.75 Tr' Thus we see that the Tr curve in these ranges is indeed a
constant times the sine function sin2$.

It appears that a very good way to enter the solar torques in the
future would be by means of an approximating curve.

From reviewing the tabulated data and from applying the other checks
mentioned in the write-up, it appears that the equations in the MSG report

are correct and have been correctly programmed.
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ese(deg)

0

10

25

30

40

45

50

70

80

85

90

100

110

130

135

140

150

170

175

180

T (ft.-1b.)
a

Remote

Console

.60x10"
.18x10"
.16x10°
.90x10~
.18x10°

.60x10"

.79x10°
.23x10
.20x10°
.94x10°
.23x10

.79x10"

Simulator
Program

0

Table 7.2.4.2
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T_ (ft.-1b.)
Remote Simulator
Console Program

-1.22x107% ~1.20x107%
-1.33x107% -1.30x10"%
_1.64x10""

~1.77x107% ~1.73x107%
~1.82x107%

-1.81x107%

-1.76x107%

-1.13x107% 1.11x10"%
-6.58x107° ~6.50x10"°
-4.47x107° -4.42x107°
-2.73x10™° -2.70x107°
~7.15x107° ~7.07x10"°
-1.13x107% ~1.12x10""
-1.76x10""

~1.81x107%

~1.82x107%

-1.77x107% ~1.73x10"%
~1.33x107% -1.30x10™"
-1.22x107%

-1.22x107% ~1.20x107%
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7.3 Flow Charts

The flow charts which follow are for the main program and
subroutine "REG" only. All other subroutines are straight-forward
sequential computation and warrant no flow chart. The charts exhibited
are those of thé sensor model. The logic for the ideal model is iden-

tical, except that any reference to sensor evaluation should be omitted.
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Main Program

Start
Initialize
constants ;. Reacd data Ye Q
and cards
variables
No
Read fixed
disturbance
torques

Set Time
Optimal Flag

Type Current
Position and

Target Position|

scaled and
unscaled

Print Torques

CALL STUP
Prepare for
Subroutine TOR
CALL TOR

41

Print scaled
initial conditions
Pause for hybrid
setup

7.37

Print Input .
CALL INIT




@—)! CALL OU'T

.2

Yes

No

CALL TOR
CALL REG

J = J+1

@_;.

Simulate
Sensor

<>

N

CALL REG

—O

_a CALL RK

L =1+1

7.38

Get Ground track

CALL OUT CALL OUT
L=20
PAUSE
GO TO START

©r
o

No

Type New
Print
Frequency

Yes



G

A toD No
idle
Yes
Simulate
Sensor L = L+1
3 D to A
idle
CALYL, OUT |-
NB = 0

43

CALL
REG

CALL TOR
CALL REG

Get Ground
—-_J track

7.39




No

No

Set ALL
Controls to
Zero

Pause.
Go To
START
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REG
Start
I =141
I=0 Store old
controls.
Compute B

Violent

Initiallize
flags

Disturbance?

>

Compute normal-
ized angle,
rate and
adjusted rate

se minimum
()
rate
Yes

45

Use maximum
rate

7.41

Compute
P2 and P4
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.

Compute
QX

46
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Compute

X
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ez

o
<
0

REG

e

A

Set U=20

¥

Set sign of U
equal to sign
of B

Co

7.44

Set sign of U
opposite to
sign of B

Store old
angles and
rates

Redefine
ETA, X, Y,
P2, P4
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Calculate
TS & TIM

REG

©

Redefine
X, Y,
P2, P4

Calculate
TS & TIM

Calculate
Ps, P, S

Calculate
TS & TIM

49
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Calculatd
TS & TIM

No

Define
TMAX

)
I

angle

rate
50

alculate
S & TIM

7.46

Calculate
TS & TIM

Set U=0
Set ori
flag=2

gin '-'%*'II'»

Set flag=1

Set J=0




TMAX
<TS (J)+BX?

RETURN
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7.4 Program Listings

Three distinct computer progfams appear on the following pages.
The first is the ideal model program. The second program includes several
real effects, i.e. those due to the sensors, solar torques and gravity
gradient. Subroutine "TOR" in this listing is the subroutine which
evaluates the later two quantities, whereas in the ideal program "TOR"
is a dummy subroutine. The third program listing is one for simulating
elastic effects on the satellite. Because of storage limitations this
is simply a digital program, no hybrid operation being possible, nor

does it take into consideration any other real effects.
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OO DO D

2

4an

41

42

117

118
119

IDEAL MODEL
DATE 3 MAR 63

NIMENSTION E{LV(3.2)2A7(3,2)

NDIMENSION X(6),Ul3Z)oT(IVQaZI(3)2aZM(IT)ZIM(II)SALIZ)LZL(3,3)VsD(6)
NIMENSIBN RA(3,),RB(3,3V,RC(3.3)eRD(323),ETA(3),L,CIII,NF(T)
NIMFNSION AP(3) o XX(6)

COMMON XoUaTsZ]l aZMaZIMo AL 2ZLsDTaNCoR2SsDeNASTI/HYB/PASP3,PC,AC
COMMBN /CON/CoETANFXF,AEAXsBX

COMMEN /MISAL/ TH(3,3,2),UX(3)

COMMON /POSIN/XLAT,XLON,PIR,ROR,PBS,YBS,RBS,PIR,YB,RBE
COMMEON /TEMP/T1.72,T3,T4,75,T6,T7,T8,79,7Q

Ti=0.3 L=0N3 T4=A.A10808:3 NC=23 RAD=.0174%53 sAC=1.
PRINT 1123

N8 ¢+ [=1,3

NFCT)=t.3 UCI)=ZM(]1)3 C(])=1.

CONTINUE

READ 100,NAN3,PA,PB,PC,?Z

READ 101 (721 (1) al=1,3)(ZM(1)sl=ts3)s (ALI])»]=1,3)
READ 101 ({Z2L(15J)sJ=1s3)s1=1s3)

REAT 101.AX,BX,XF,PIB,ROB,YB.RDBS,YDBS,PNBS

READ 101.Y(),AT.ONG,XLAT;XLBN-DT-AE

TF(Z.NEL.NL) READ 101.T(1)aT(2),T(3)
FLV(I,J)=ELEVATION IN DEGREES FOR AXIS [_.J=) PLUS,2 MINUS
AZ(T1,J)=AZIMUTH

READ ]Q"(ELV(Iol)-l=[.3)o(AZ(lo'),I=[93)

READ 101(ELVI(14+2)51=1e3)5(AZ(142),1=1.3)

NG 49 J=t.2

ne 40 1=1,3

FLV(IsJ)=ELV(I,J)=RAD

AZ(1,JV=AZ(]1sJ)aRAD

N9 42 K=t,2

ng 41t 1=1,3

THIT,1sXK)=COSIFLVII,K))I*COSIAZ(]1,.K))
TH{2s1sK)=SINIELV(1,¥))
TH(31eXKI=SCOSIELV(t X)) 2SIN(AZ(LLK))
TH(12sK)IZCOSLELV(2,K))I2SIN(AZ(2,K))
TH(Rs2K)SSIN(ELV(2,K))

TH(1e3sX)=SIN(ELV(3,%))
THIDs3aK)=COS(ELV(I2XI)I*SIN(AZ(3,K})

PRINT 1290

PRINT 101, {ELV(Ist)/RADSI=1,33)s(AZ([s1)/RADsI=1,3)
PRINT 1Ot (ELVILs2)/RADSI=143)s(AZ(1+2)1/RAD»1=1,3)
PRINT 117

PRINT 118, ((TH(IsJs1)sJ=1,3)51=1,3)

PRINT 119

PRINT 1185 ((TH(I5Js2)5J=1s3)s1=1,3)

PRINT 113

FORMAT (tH1,5X, SMULTIPLIERS FBR POSITIVE THRUSTS,///)
FORMAT (3Ft15.93)

FSRMAT (tHN,5X, SMULTIPLIERS FOGR NEGATIVE THRUSTS$.,/7//7)
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120 FORMAT (tHt, SELEVATION t=2«32 AZIMUTH 1=2=-32 ©POSITIVE AXES LINE 1 .
t. NFGATIVE AXES LINE 2.% )
FIMUI=ZT(EY /7M1 ZTIMI2)=Z1(2)/7Z2M(2) 32 IMI3)I =2V (3)/ZM( )
TF(7L{1e2iebiianee ANDLZL(1,3)EQ0aD.) NC=1
1F (SENSE SWw'TCw= 4) 2,23
2 WRITE(1IN2,102); READ(101,103)Y0,AT,ONG»XLATSXLON
5 T7=ATz: TR=ONG: TO=XLAT: TIN=XLONS ONG=ONG=AL(3)2 XLON =xXLON=AL(3)
I AT=AaT«RAD: ONG=ONG*RADS YO=YOsRAD: SAT=SIN(AT)IZ SON=SIN{(BNG)
CAT=COS(AT)3 C23N=CAS(ONG)
Tt=SIN(YO)s T2z COS(YO)3 TI=T4=-CAT»CON
Po=ATAN(=CAT*SEN/T3)S SP2=SIN(P2)
RO=ATAN(SAT/(CAS(P2)#T3=CAT*SONeSP2) )
TS=T1«CUS(R2)
YBS=ATAN(TS/SQRT(1.,=T5%=2))
T5=SIN(R2)/COS(YBS)
RBS=ATAN(TS/SQRT(1.,=T5*22)})
Te=(SPO2«TD2=T14SIN(R2V#COBS(P2))/CHS(YBS)
PYS=ATANI(TS/SART(1.=T5xw2))
PRINT 10535 PRINT 1084 ((ZL(1,J)e J=153),151,3)
PRINT 1073 PRINT 108,Y0/RADLT7,T8+79,T100.RBS,YRS.,PRBS,DT
PRINT 10RZPRINT 108, (Z1(1) 15143V, (ZM(T1),]=1s3V,(AL(1),[=143)
PRINT 1003PRINT 1N5,AX.BX,XF,AEs CaLL INIT
CALL STUPI(N.»3°602,0.,sRA): CALL STUP(AL(3)s0.»0.5RB)
N 4 I1=1.3: DY 4 J=1.32 RD(1,J)=0.: DO 4 K=1,3
4 RD(IDJ,'—‘RD(I’J)+RA(I'K).RB:K’J)
CALL STUP(PIR,RBR,.0.sRA)
N & I=1,3% DB 8 J=1,33 RB(J.1)=0.% DB & K=1,3
S RAR(Js])=RB(Js1)+RD(IsKI)aRA(KSJ)
C 5 TAKES THE TRASPOSE AS [T COMPUTES THE PROBDUCT
CALL STUP (PI3,ROB,YB,RA)3 SPIR=SIN(PIR): SROR=SIN(RHR)
CPIR=COS(PIR); CRBR=COS{(RIR)
TF(7.NE.0OL) G8 T8 16
& CALL TOR (RA,RE,SPIR,SROR,CPIR.CROR)
16 CANTINUE
Ta=717
TS=T8
T7=2T (1) *PA/Z1(1)3 TA=T(2)*PA/Z1(2)3 TO9=T(3)*PA/Z1(3)
PRINT 1103 PRINT 106,T(1)aT(2)sT(3)sT7,TR,719
1F (NA)1S,14515
15 PRINT 1113 PRINT 1153 PRINT 1165 CALL BUT;s G& T8 10
14 PRINT 1123 PRINT 105,TIaX(1)#PB,X(2)#P3,X(3)«PR,X(4)*PC,
IX(S)*PC,X(6)wPL
PRINT 1135 WRITE(102,114)3 PAUSE {1
1N TIRMAT (215,5F11.5)
tNt FIRMLT (QFR,.5)
10> FSRMAT($ TYPE POS YQ,ATLONG, TARGET LAT AND LONG OF5,3% )
1N FIRMAT (QF5,3)
1AS FARMAT (1HM,2X 10FLAMDA(1 41) s dXINHLAMDA(1,2),4X10HLAMDA(143),4X10¥
10V AMNA{D,. 1) 2 dX1OHLAMDA(2,2) ,4X1DHLAMDA(2,3),4X1OHLAMDA(3,1)0aX 1014
OMDA(3,2) s 4X1NHLAMDA(3,3) )
1NA FAIRMAT(31X, tPAF14.5)
1A7 FARMAT (1HO22X2HY N 12NOHAT o 1 I XIHENG S 11X IHLAT Lt IX3HLOBN, 1 IX3IHRES+ 11X
DTIHYRS, 1 1 XIHPBS,12X2HNDT )
108 FIRMAT (1HN.4XRAMHEMENT 1 .6XAHMOMENT 2,6XARMOMENT 3.8X4HZM f,10Xa=7
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2M 2,10
170 FORMAT
110 TORMAT

X4AHZM 3,8X7HALPHA 1, 7X7THALPHA 2,7X7HALPHA 3 )
(1HOS5XPHAX s 12X2HBX , 12X2HXF o 1 2X2HAE )
(1HO,4X8RTORQVE 1,6XB8HTBRGUE

0 CANTINUE
St=SINIX(3))
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2+AXAHTORQUE 3. 18X 14HSCALED T8

I1RQUFS )
111 FORMAT (1HN, SX 4HTIMEs 10X4HX(1)e 10X4HX(2), 10X 4HX(3), 10X
14RX(4)e 10X 4HX(S)s 10X 4HX(6) )
112 FORMAT (1HN,4X4HTIME, 19X 26HSCALEDR VALUES BOF x(t1-f) )
113 FORMAT (1HT )
114 FORMAT (10HSET ANALBG )
115 FORMAT (20X 4HD(1)s 10X 4HD(2)s 10X 4HD()s 10X 4rD(4),
110X 4HD(S)s 10X 4HD(6) }
116 FORMAT (20X 4HU(1), 10X 4HU(2), 10X 4HU(I)s 10X 3HX1Ss 11X INXAES,
110X 1HS )
7 CALL CONDITION
CONNECT(40,ADCIN)S CONNECT(43,DT0A): CONNECT(44,AT81)
CALL ENABLES CALL ARM(408,43B,448)3 AC=t.3 CALL REGs CALL LB
s FAM 30010
A CONTINUE
) FOM 00013
CALL IDLE; AC=0. |
24 TF(7.NE.Q.) CALL REGs GO 76 ¢
O CALL TOR(RALRB,SPIR,SRORLCPIRL,CROBR)S CALL KEG
19 CONTINUE
ASSIGN 32 T8 NG
GA TH 30
. 12 CONTINUE
I =L +1
IF(L.GE.NBICALL BUTs L=0
AC=tv,3 CALL IDLE
TFINF (1) EQ.NFID2) EQLNFI3) EWL?) S T8 21
C T41S 1S THE D16A IDLE
22 TF(SENSE SWITCH 2) 20,8
21 IF(SENSE SWITCH 3) Re25
25 Li(1)Yy=03 U(2)=ns U(3)1=03 CALL DTBA: GO T8 2}
20 PAUISE 163 GO TO 13
10 TF(7.,NE.O.) CALL REGs GO TH8 17
CAlL TOR(RASR3,SPIR,SROR,CPIRL,CKBR)S CALL REG
17 CBNTINUE
N8 11 J=1,NA
FALL RK3 L=L+1
TFINF (1) .EQJNF(2) . EQ.NF(3).EQ. 2) CALL RUT: 668 T8 20
27 TF(LL.LT.NBIGO TO 11
ASSTGN 31 T8 NG
GR T8 30
Iy CALL 6UT
I =0
TF (SENSE SWITCH 2) 20 »t1
t1 CONTINUE
TF(SENSE SWITCH 1) 12,10
£ SFT SWITCH 1| FAR NEW PRINT FREGUENCY
12 REAN(IOYL1ANINRE 68 T8 10
. C FRALLEWING COMPUTES GRBUNID TRACK, WHEKE T4 1> LAl AaMDb Te IS Lhng




S2=SIN(X(2))

SI=SIN{X(1))

C1=C0S(X(3))

Co2=C06S(X(2))

CX=C0S(X(1))

S7=SROBR#SI+CO+CROR*S2

C7=SORT(ABS(1 .,=57#=2))

SA=(SROR» (C1#C3=S1#S2+4S3)+CROR*S3I*C21/C7
FRA=SORT(AES(1 ,=SRwwn))
SA=(SPIR*CI*C2+CPIR«CROR#StnC2=-CPIR*SROBR*S2)/C7
CA=SCGRT(ABS() =S6x=D))

Fo=ATAN(S7/C7/CR)

T2=SIN{(FD)

No=CcBS(F?2)

T1=S6%C7%i2+T2«(CA*S8+S6+C8ST7)
NI=SQART(ABS{Y) =Tt we2} )

T3=SRw(C7

N3I=SART(ABS(1 ,=T3wwn2))

Y1=T3w(ZK#D3* D1 =«SQRTIABS () ,=7ZKenDx (] ,«D3wa2x[ivx2))))
71=SORT(ABS(1 ,=Y]iwweD}))

T4 =ATAN(YYI/Z1)/RAD
AY=SORT(ABS(Z 1 wn2=ZKundaTwe2))

TS =ATAN(TIw(AY=7K* 1)/ (AL +ZKaT1eT1)/D1)/RAD +AL(3)
8 TO NG,(32.,31)

FND
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. SURRBUTINE REG
C (1171602 {(63=66)s6R270s73s(101=120),134-135,138

NIMENSIAON ALIIINF{ZILETA(Z)LUB 3).C(3) e TIMIZ)LTS(R)ul{A)
NIMENSION XX(6)4U(3),TI3),7]1(31,7ZMI3)aZIM(3),XBlR)IZL(Za3)YA(R)
COMMONXXsUaToZl oM ZIMiAlL o/l sl TarMCoRsSsDaNALTI
COMMON /TEMP/T1,T2,T3,T4.T5,16,17.7T3,T70,TQ
COMMON /CON/C,ETANF ,XFaAE,AX,8X
COMMEBN /MISAL/ TH(3,342),UX{(3)
TF(U(1))92,91,9%

Q1 K=1
8 T8 93

QA2 K=9

A3 TF(U(2))95,Q4,04

34 1| =1
GB 706 96

98 | =2

9f TF(U(3))084,97,97

Q7 M=t
8 T8 99

QR M=2

90 UX(3)=TH(122sL)2U(2)4TH( 1,3, MIwU(3)
UX{2I=TH(2, 1<) 2U(1)4TH(2,3.M)eUi(3)
UX(X)I=TH(3a1sX) U (1) +TH(I22,0L ) %L1(2)

N8 115 1=1.3
"| 200 1LY = UL])
G T8 (291,202.203),1
DAY B (T I+ 1Z1(2)1mZ1(3)IarX (51 wXX(6)eaL (1)) /2M(])
B=34UX(1)/7ZM(1)
Ti=sXX(4)=XX(2)aXX(K8)wAL(})
GO T8 11
AT Rz ( TUI)4+(Z101) =21 (2D XX (4)*XK(S)=AL(1))/EM(T)
R=R+UX (31 /ZM(3)
TU=XX(E) 4 XX (1) wXX (S)wAL(1)
VY XXX (1) *ZIM(T)%STGN(1es=R)
Y=XX (143027 IMUI)#SIGN(T.s=R)
"8 TO 18 .
202 R=(T(2)+ (21 (3)=Z21 (1)) eXX(E)ReXX{4)wAL(Y)Y)/ZM{D2)
R=R4UX (D) /ZM(2)
TA=XX(5)=XX (1) wXX(6)*AL(1)
X=XX(I)#ZIM(T)*SIGN{1., B)
TF (BoEQGa0.) X==X
Y=xXX(1+3)«ZIM(I)*STGN(1.s=8)
18 TF(X*Y)2s2,1
P UCT)SSTGN(ZMIT) o=X)#STICN(ep=B)
FTA(T ) ==1.
CeTy=1.
GBS TH 10
2 T2=2)0.%xD1 ’
TF(ZIMCI ) *ABS (XB(1+43)=XX(143)1=12)12412213
12 JTF(ABSIXB(T)mXX (1)) mT2¢ARS (XX (L1¢3)))1dn1dal3
‘ '3 FTACT ) ==t.
C(lIry=1t.
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Ge 706 9

t4 C(Iy=C(I)=UCD)

9 CONTINUE

8 GO TB(2095345),NC

C NC=t TIME 8PTIMAL.?Nn8 USES MIN,209 USES MAX,

345 IF(C(1))203,209,2n4
2NA TF(ABS(XX(1+3))=ABS(T1))212,212,°10
219 JF(ABS(XX(]+2))=ABS(T1)1)210s212,212
210 Y=SIGN(T1*ZIM(IY,Y)
212 TF(ETA(LI)I207,207,213
213 Y=YwXF
on7 TI=Yw*Y/D.

KA =

IF ( U(I)JLE.O ) KA = 2
Xt = TH{l,1,%XA)

RA = =ABS{B)

P2 = X = T3/(BA = Xt )
P4 = X = T3/7(BA + X1 )

GO T8 (63,60).NC
A3 TF(X)645s66+65
Ad TF(P2)17216516
AS TF(PA)YI7217516
A6 TF(Y) 17s15,16
AN TF(X)EBsBH6s70
A8 TF(P2)73s1hs16
70 1F(PA&V1T7s17-73
73 CANTINUE
TA=ABS(ZL(T1,2)%8/7L(1,3))
R=SQRT(2.2T4)
S=SQRT(ZL(I, 1) /ZL(1,3)4T74)
FTF(X)326655
3 JFIY=S) 19,4,4
10 1F(R,.,EQ.0.) BX==10000.3 GB8 TO0 290
RAz=ARBS(B)? QGX=(BA2S*#S~2 *R*S+R*R)I /(2. #8Ax(HA=X1 )]
20 1F{X=Q0X)17,17,210
21 GzwZL (1ot )mZL (1 3)nYewDs7L (1,2)9RBA
ZaD w70 (142)+ZL (] o3V ®(YrwDeD w(BA=X])*X )
TFIl BAwZ*Z42 w(5n} +5AaG )Y Ye 2  wGaGCu(HA=Y ]} 2X) 17,1515
4 JF(Y=S=R=AE)15:,15,16
& IF(Y=(R=8)) 6,185,222
22 [F(R.EQ.N.) QX=10000.3 6B TO 23
RA==ABS(3): QX=z(BA®{R=S)#22=2 #R*SsR*R )/ (2, *RBAN(BA+X]))
23 JF(X=CX)24,16516
24 G3=7L (11 )=ZL (T3 ) *YwwD=7L (1+2)*FRA
7zw2 7L (1s2)4ZL{]e3)0{(Yor2=2 #(BA+X]))wX )
IF((=BA*Z%7 42 w57 el ) wYaY a2 #CaGa(BA+X Y1) RX])]1H,15,1F%
£ IF(Y=(=5=AF))}17.15,15
15 U((t)Yy=0.
G 16 7
16 HIT)Y=STGNIZM(1),B)
JTFIRLERLN.) Ull)==U(])
o8 168 7
17 (11 =STIGNIZM(]) o =8)
7 JF(1.EQ.2) ETA(I)I==U(I)axx(l)s L& TO 10
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10
€ 123
123

1214

A7
A9

74
75

FTA(I)=U(l)eXX(])
X@(1)=XX(I)3 XB(I+3)=zXX(1+3)
REGINS TIME SYNCH
X=XX(I)*ZIM(])

JF (1.EQ.2) X==X
Y=XX([+3)*«ZIM(T)
TR=U(])

TR=YwY/2.

Po2=X=T5

Pa=X+THK

-8 TB(!!?-!O\).NC

IF(Y)107,107,.100
TF(P2)110,110,111
ze )X
Y=Y
TR&z=U(])
GO T8 121
TF(PA)112,11041011
TS(l)==%,
G T8 113
TS(1)=ABS(Y/D2,)=X/Y
IF(T8+*Y . LE.O0.) TS(1l)=z=t,
TIM(I)=2 ., *SQRT(ABS(P2)) =Y
GB TO 211
PS=X4(.542.%7L (1s2)/(ZL {151 )=ZL(1s3)%YwaD]))aYNwD
PzY*ABS(Y)+2.#X
S=SQRT(ZL(1,1)/7ZL (1,3))
IF(P)87,795111
IF(Y=8)74,89,80Q
TS(1)==1,
TIM(])=Y=P4/S
GO T€ 211
1F(PS)75,75576
TQ=Y*rDeD v X
TA=D *7L(lst)+4.%2L(1,2)
TO=SORT((TB+ZL(I»3)%TQ9)%2a2ag *ZL (1,1)%ZL (1531279
TO=SORT((TR+ZL([s3)*T9=TN)/4./7L(1,3))

C Tn IS OMEGA S1

TIM(1)=Tp=P2/TO=Y

C RFGIAN 1

77
78
76
79
219

222
224

TF(Y)77577.78

TS(l)==1.

Ge 7€ 211

TS(1)=Y/2e=X/Y

JF(T8wY. LE.O0.) TS(I)==1,

GB T6 211

IF (YY) 755754709

TIM(I)= Y/De=X/Y

Ge 16 77

TF(ABS(XX(I))=,Nn020) 222,273,223
JF(ABS{XX({1+3))=.n00NS) 224,223,223
U(tr=0.

NF(T)=D :

TIM(Tl)=0N.
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223
216

227

226

2°5
115
127
129
128
138
128
134
1138
126
124

GO 70 115

GO TO (115,216) » NF (1)
JTFCABSIXX(L)) = .Nn051227+225+225
TFCABS(XX(I+3)) «_.000125) 226,225,225
Uerr=g.

TIM(T)=0.

8 70 115

NF(T)=1

CONTINUE
TMAX=AMAX(TIM{1)sTIM(2)TIM{3))wAX
no 124 J=1.3

G TO (138,124).NF(J)

TF(TS(J) 124,125,128
IF(TMAX=TS(J))124,124,134
TF(TMAX=TS(J)=BX)135,126,126
TE(UB(J))1245126,124

HeJ)y=0.

CONTINUE

RETURN

FND
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SURRBUTINE DTBA

NIMENSION X(6),Ul3)eT(3)aZ1(3)1.ZM(3)ZIMII)ILAL(3),ZL(3,3),D(6)
COMMON /TEMP/T1.T25sT3.T4,T5,T6,T7sT784T79,70

COMMOBN XoUs T2 Z1,ZMsZIMiALSZLsDToNCsReSsDaNASTI/HYB/PALPHE,PCLAC

nwnn »wnvo (RGO R oo nmwevnm nueonn

nwnonmon

N

11
12

IFLAC)YY',10,2

CALL DAC (0.,T(1)*PA/ZZI(1)))
CALL DAC (1sT(2)*PA/Z11(2))
CALL DAC (2,T(3)*PA/Z1(3))
CALL DAC(3s,.01*T4)
CALL DAC(4,.006*TR)
1IF(Ut1))3,4,5
CONTINUE

FGM 034110

P8T =034110

FOM 034110

PBT =034101

GB TO 6

CONTINUE

FGM 034110

PET =034110

FOM 034110

PBT =034111

<9 T6 &

CONTINUE

FOM 034110

PET =034100

FoM 034110

P8T =034111
IF(U(2))728,9
CONTINUE

FoM 034110

P8T =034112

FOM 034110

P8T =034103

G8 16 11

CONTINUE

FGM 034110

PBT =034112

FOM 034110

PBT =Q34113

G8 76 11

CONTINUE

FBM Q34110

P8T =034102

FOM N34110

PBT =034113
TFIU(3))12,13,14
CONTINUE

F9M 034110

POBT =034114

FOM 034110

PAT =034105

3 16 15
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w oy n

n

nonon

e

L

14

ts
10
11D

nfj\ T oo t
Fay 340
PST =N
Feor D4t
231 =R4VYR
o8 R ]
rewytINGe

E3M 341y
287 =Q341u4d
Ol R ¥ S B RS
P81 =0R4115

RETURN
PRINT 100
FOPMAT  14M
RETURN

FND

TIMING IS CFF

)
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SURROBUTINE ATOD

NIMENSTION X(H),U(3)oT(IN22I(3)aZM(3)2ZIM(3I»AL(3)»7L(3,.3)s0(6)
COMMON XoUaToZl2ZMeZIMuALsZLsDBToMNCsRsSeDsNASTLI/HYB/PASP3,PL,AC
CALL AJC (0sVA)

CALL ADC (3,VD)

CALL ADC (1,V3)

CALL ADC (4,VE)

CALL ADC (2,VC)

CALL ADC (85,VF)

X(1)=VA/PBS X(2)=vB/PB3 X(3)=VC/PB
X(a)=VvD/PC3 X(5)=VE/PC3 X(6)=VF/PC SRETURN
FND
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SURRBUTINE 6UT
DIMENSIOBN X(6)oU(B) o T IV oZI(3)ZMI3)sZIM(3)aALI3)s7L(3,3),D(6)
COMMON XoUosToZloZMaZIMsALSZLsO0TaNCaRsS»DaNALTI
CBMMON /TEMP/ T1sT2,T3sT45T5-T6,T7,18.79,T0
IFINA)1,2s1
1 WRITE(RL112)TI5X514,15
WRITE(K,113)D
WRITE(B4113)Us TU1)aX(1)%ZIM(1)oX(4)*ZIM(1)sS
RETURN
2 WRITE (6,114) TIsXsU
RETURN
112 FOBRMAT  (1HOs1PQE14,.5)
113 FORMAT (15X, tP7E14,.5)
114 FORMAT (1HN, F6.2» 1P9E12,3)
FND
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SURROBUTINE STUP (CP.CR,Y,CA)
NIMENSION CA(3,3)
SINR=SIN(CR)
SINR=SIN(CR)3 SINP=SIN(CP): SINY=SIN(Y)
C8SR=COS(CR)3s COSP=CO8S(P); COSY=CHS(Y)

C wWF COMPUTE THE MATRIX [+8
CA(121)=CUOSP*COSY; CA(1,2)==COSP*SINR#SINY=5]INP=COSK
CAlt+3)==COSP2COSR=SINY+SINF*SINRS CA(2,1)=5INP«COSY
CA(D252)==SINP2SINR*SINY+COSP*CESR
CA(2,3)==S5INP*COSR¥*SINY=COBSP*SINR: CA(3.1)=5INY
CAURs2)=SINR#*CB3Y: CA(3,3)sCUOSR*COSY
RETURN
END
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SURRBUTINE INIT .
NIMENSION X(6)sU(3)aT(3)0ZI(3)2ZM(3)sZIM(3)IsAL(3)27L(3,3)sD(6)

COMMBN XoUsToZ1aZMsZIM,AL,7ZLsDToNC,RsS2DsNASTI

COMMON /POBSIN/XLATSXLON,PIR,ROR,PBS,YBS,PES,PIB,YB,REB

X(4)=0.5 X(5)=0.3 X(6)=0.

XLOGN = XLUN #0.017453

XLAT =XLAT *0.017453

SILAT = SINF(XLAT)
SILOBN = SINF (XLON)
COBLAT = COSF (XLAT)

COLBN = CBSF (XLON)

CONST=6.610808

PITCH ==ATANF((+SILON » COLAT)/(CONST = COLON « COLAT))

COP1 = COSF (PITCH)

SINPI = SINF (PITCH) :

ROLL = ATANF (SILAT/((CONST ~COLON«COLAT)» COP] «SILON®COBLAT =«

1SINPI))
PIR= PITCH
RBR =ROLL
CRRS = COSF(RBS)
G8 T8 200
200 CONTINUE
SRRS = SINF (RBS)
CYRS = COSF (Y8BS)
SYRS = SINF (YBS)
CPIR = COSF (PIB) . .
CYR = COSF (YB) '
CRBB = COSF (RE3)
SYR = SINF (Y3)
SRBR = SINF (REGB)
SPIR = SINF (PIB)
SPIR = SIN® (PIR)
SRBR = SIhF (RBR)
CPIR = COSF (PIR)
CROR = COSF (ROR)
SPRR = SINF (PIR = PBS)

CPRR COSF (PIR = PBS)

3y = SROGR # CYBS » SPRB + CROK » SYBS
78 FORMAT (F9.5)

G2 = SERTF (1 ,=G1#»w2)

X(2) = ATANF (G1/G2)

(3={=~CROR*CYBS+SPRB+SROR+SYBS) /G2

G4=SORTF (1 .~G3*:3)

X(R)=ATANF(G3I/G4)

G6 =(=SRER * CRBS « CPRB = SROR+ SRBS #SYBS =SPRE + CRUR#S5RHS =

10YRS)I/G2

7= SARITF (1 = G6Exw2)

x(1)= ATANF (G&/G7)

RETURN

FND
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SURRBUTINE DER
DIMENSION X(6),U(3)aT(I)aZI(3)oZM(3)ZIM(3)sAL(3)»72L1353),0(6)
COMMON XoUsToZlaZMsZIMaALSZLoDTANCsRsS»sDaNASTI
COMMBN /MISAL/Z TH(3,3,2),UX{(3)
TF(U(1)) D101
A=t
GO 786 3
K=2
1F(U(2)) S5.4.4
=1
G8 16 6
| =2
IF{V(3)) 8s7s7
M=1
8 186 9
M=2
ne 10 I=1,3
UX(T)=TH(Ia1sK)®U(1)+TH(],2,L)%wU(2Y4TH([.3sM)*U(3)
Ni1)==AL(L)w X(2)2eX(6) + X(4)
Ne2y= AL(L} « X(1) #2X(B) = X(5)
N(3)= AL(L)aX(1)ex(5) + X(6)
Niar=s (ALLY) #{Z21(2)=21(3))e X(5)* X(6) +UX(1) + TCL))/21(Y)
N(S) = (AL{E) *#(Z21(3) =ZI(1))=X(a)eX(6)+UX(2) +T(2))/21(2)
Niad=E (AL(T)e (ZI(1)=Z1(2) )% X{4) » X(5) +UX(I) + T(3))/Z1(3)
RETURN
FND
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SURROUTINE TOBR(RA.,RB.SPIRsSROR,CPIR,CROR)

NIMFENSION X(E)oU(3)eT{3)1pZI(3)aZM(I)LZIM(I)sAL(3)s7L(323)5D(6)
NIMENSION RA(3,3)aRB(323)sC(35s3)sRD(353)1s6(353)X[(3,3)
COMMON XsUsT o2l 0ZMaZIMaALsZLsDBToNCsRsSasUsNASTI

Tlr)=).E=7 :

T(2)=1.E=7

1(3)=1,E~7

RETURN

FND
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SURROUTINE RK

NIMENSION X(68)sU{3)pT(3)oZI(3)sZM(I)aZIM(I)ALI3)s7L(353)5D(6)
NIMENSIBN R{A)s5A(6)s SB(A)2SC(61-80(6)
COMMEN x’u.TlllDZMDZIHDALDZL’DTONCDZ‘S’D.NA’TI
Nng 2 N=1.6

RIN)=X(N)

cALL DER

NG 3 N=1.6

SA(NI=D(N}I«DT

NG 4 N=1,6

X{N}=R(N)+SAIN)/2,

TI=Ti+4DT/2.

CALL DER

N3 8 N=i,b6

SBI(NI=D(N)*DT

N8 A& N=1,6

X(N)=R(N)+SB(N)/2.

CALL DER

NG 7 N=1,6

SCIN)=D(N}I«DT

TI=11+DT/2.

NG A N=1,6

XIN)Y=R{N)+SC(N)

CALL DER

N8 9 N=1,6

SD(N)=D(N) DT
X{NISRIN)+{SA(N)+SD(N))I/6.+(SBI(N)I+SC{(NI)/3.
RETURN

FND
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- SENSRF MRDEL

- DATE 16 6CT 67
c

C

C1 NAJNR, A ,FPR,PC 215,5F10.°%

To Ilit~), TNM{1~3:, L{1=3), 378.5%

3 7L (141)s {192V s00eaaall3sl) oF 8.5

Ca AXeRXaXF,,7K1,7K?2,SDsPIB,RUB, Y 9F 8.5

(S YOLATWBNGXLAT XLBN,DT,AE 9F 8.5

€ Sawt TYPE MEW FPRINT FREQUENCY 15

C <“W?2 RFaAaD NEw Tk4'a AND RESTART

C SwITeHm 3 IGNBRES FJEL CALCULATIGN

C  Sw4 TYPE Yo, AT, ONGe XLATS XL3N QFS,.3

C KF PREVENTS JAGS COMING INS AE INCREASES ZERO BANDSAXLBX LEAD FACTORS

5

I 2

{(1=25) (30=37) (1ON=116)

NIMENSTON X(B)aU(3) {3Vl (3)aZM(3VsZIM(3)sAL(3)sZ2L(353)sD(6)
NIMENSION PA(3,3)oRB(IsIVIoRC(I23)sRD(I2IVNSETA(IILCL{I)INF(I)
NDIMENSION AP(3),XX(8)
NIMENSTION ELV(3,2)sAZ2(352)
COMMEBN /MISALY/ THI(3,3,2)UX(3)
COMMAN XoUpTa /1o 7MaZIMaALSZLsDTaNCoRsSaDaNALTI/HYB/PA,P3,PC,AC
COMMBN /CBN/CL,ETA NF  XFsAELAXs5X oXX
CAMMAN /P38 N/ XLAT o XLOBN,PIR,ROK,PBS, YuSktsSsPIRBR,YBLROB ".
COMMAN JTEMP/ T $0T2sT35T44015,16,17,18,T70,710
13 Tl=Nes L=13 T4=26.6108065 NC=25 RAD=.017453 sAC=1t.
PRINT 113
7K=T4
NG 1t I=1,3
NF(T1)=%.3 U(I)=ZM(1)3 C(I)=1.
1 CANTINUE
REAT) lOﬂ.hAnNBppA-anPC:Z
READ ’Oin(fl(l).l=1p3’n(ZM([)312103)9(AL(1)31=113)
READ 101+ ((ZL{T15J)sJ=153)s1=153)
READ 101,AX,8X.XFoZK1,ZK2,5D-PIB,ROB»YB
AK=1,~2K1
READ 101eY0,AT,,ONGsXLATSXLONSDT,AE
SIG=DT
TFINANE. D) SIG=SIG#FLOBAT(NA)
S2=S1G#x2>/2,
TREZJNE L) HEAD 101sTU1)sT(2)T(3)
o FLVvIilL,J)Y=ELEVATION IN DEGREES FOR aXIS l,J=1 PLUS,2 MINUS
¢ A7 (1, J)=AZIMUTH
READ 10]:(ELV(1.1)9[2133)’(Al(l’|)ol=[.3)
REaAD 10‘:(ELV(1.?):1=1:3).(AZ(109)31=l-3)
N8 49 J=1,2
Ny ap I=t,3
FLVIILJISELVI] o )=RAD
40 A7 (1,J0)=8401aJ)«RAD .
NEe 42 K=1,2
ne 41 71,3

70



‘ A1 TH(T1,1sK)=COBS(ELV(I,K))2COS(AZ(],K))
TH{2s1sK)=SIN(ELV(1,K)}
TH( 321 2K)=SCOS(ELV{1aK)IR*SIN(AZ(L1,K))
TH{122sK)=COSIELVV2sKIIRSIN(AZ(2,K)})
TH(3s2,K)SSINIELVI2,K))
THI1s3sK)=SIN(ELV(3sK))
42 TH(2s3sK)ZCOS{ELV(IsK)II*SINIAZL(3sK))
PRINT 120
PRINT 101, (ELV(Ist)/RAD2I=1,315(A2(151)/RADSI=1,3)
PRINT 1015 (ELV(122)/RADsI=1,3)s(AZ(1s2)/RADs1I=1,3)
PRINT 117
PRINT 118 ((TH(1aJs1)3J=1,3)51=1,3)
PRINT t19
PRINT 118 ((TH(12Js2)sJ=1,53)s1%1,3)
PRINT 113
117 FBRMAT (tH1,8X, SMULTIPLIERS FBR PESITIVE TrHRUSTS.///)
118 FORMAT (3F15.8)
119 FEBRMAT (1HN,85X, SMULTIPLIERS FOR NEGATIVE THRUST$,///)
120 FORMAT (1Ht, SELEVATION 1=2=32 AZIMUTH 1-2-3: POSITIVE AXES LINE 1
« NFGATIVE AXES LINE 2.% )
ZIMULI=ZI(Y)/7ZM(1 )3 ZIMI2) =21 (2)/ZM(2) 2 IM(BI=L1(3)Y/7ZM(T)
TF(ZL(152) aEQ Do ANDLZL(1 s 3)EQae} NC=1
IF (SENSE SWITCH 4) 2,523
2 WRITE(102,102)3 READ(1I015103)Y0,AT,ONGXLAT,XLEBN
23 T7zAT3 TR=OBNG: TS=XLATS T1U=XLONS ONG=ONG=AL(3)3 XLON =XLON=AL(3I)
‘ 3 AT=A1«RAD: ONG=ONGwRADLS YO=YQO*RADS SAT=SIN(AT)I3 SON=SIN(BNG)
CAT=COS{AT)I3 CON=CUS(OENG)
T1=SIN(YO)S T2=CB8S(YD)sT3I=T4=-CAT+CON
Po=ATAN(=CAT*SON/T3)3 SP2=SIN(P2)
R2=ATAN(SAT/(COS(P2)wT3=-CAT*SON*SP2) )
T3=T1«COS(R2)
YBS=ATAN(TS/SART(1 ., =TS522D) )
T8=SIN(R2)/COS(YBS)
RRSSATAN(IS/SART (., =T5+%2) )
TS=(SPO*T2=T1#SIN(R2)*COS(P2))/COB5(YBS)
PRHS=ATAN(TIS/SQRT(1.=TH*w*D))
PRINT 1053 PRINT 106, (L 01,J)s J=123)sl=1,3)
PRINT 10735 PRINT 106sY0/RADsT7+T85T79sT10KES,YRS,PBS,OT
PRINT 1083PRINT 106 (Z1(1)a1=0a3)s(ZMUI).1=153)s(AL{]),[=1,3)
PRINT 1093PRINT 1n6,AXs8XeXFeAEs Coil INIT
Nng 37 [=1,3
XX{F)=X(1}
37 XX(1+3)=0.
CALL STUP(Des»e35602,0.5RA)3 CALL STUP(AL(313s0.5N,»RE)
N8 a4 I=1,3% D8 4 J=1s3% RD(1»Jd)=0a.% DO 4 K=1,3
4 RD(l,J)=RU(IQJ)#RA(I:K)*RH(KQJ)
CALL STUP(PIRFRBR,0.sRA)
Ne & (=132 08 8 J=1,33 RB(Js11=0e3 D8 5 K=1,3
3 RE(J:I)‘—‘F’B(J’I)+RD(I’K)*RA(K:J)
C % TAKES THE TRASPOSE AS IT COHMPUTES THE PREJUCT
ralll STUP (PIB.ROB.YH,RA)3 SPIR=SINIPIR}} SKROR=SIN(RIK)
. CPIR=CHS(PIR)S CRER=COS(KOR)
IF(7.NELdW ) 6 106 16
6 CALL TB9R (RASRH.SPIRsSROR,CPIR,CROR)
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16 CONTINUE
T4=T1T7
T3=7T8
T72T(1)2PA/Z21(1)3 TB8=T(2)*PA/Z1(2)35 TO9=T(3)«PA/71(3)
PRINT 1103 PRINT 106sT(1),T(2),T(3)sT7,T8,T7T9
TF (NA)15,14.15
15 PRINT 1113 PRINT 1153 PRINT 1163 CALL BUT: GO& TO tO
14 PRINT 1123 PRINT 106sTloX(1)*PBaX(2)*PBsX(3)*PB,X(4)*PC,
1IX(K)*PCL,X(6)*PC
PRINT 1135 WRITE(102.,114)5 PAUSE 11
100 FORMAT (2[5,5F1N.5)
1N1 FORMAT (9F8,.5)
1N FORMAT(S TYPE PBS Y0-AT,ONGL.TARGET LAT AND LONG 9F5,3% )
tN3 FORMAT (9F5.3) )
1NS FORMAT (1HO,2X 10HLAMDA(1,1),4X10HLAMBA(15,2),4X10HLAMDA(1,3)54X10H
1L AMDA(2,1),4X1OMLAMBA(252) 24X 10HLAMDA(2,3),4X10HLAMDA(3,1)24X10HLA
OMDA(352)dX10HLAMDBA(3,3) )
1N6 FORMAT(1Xs1PQE14.5)
1N7 FORMAT (tHO,AX2HYODs 12X2HAT s 11 X3HBNGs 1 I X3HLAT 1 I XIHLONS, 1 I X3IHRBS, 11X
P23HYRBS, 11 XJHPBS S 12X2HDT )
1N8 FORMAT (1HQO,4XBHMOMENT 1+6X8HMBMENT 2,6X8HMOMENT 3,8X4HZIM 1,10X4H2Z
PM 2,10X4HZIM 3,8X7HALPHA 1,7X7HALPHA 2,7X7HALPHA 3 )
109 FOBRMAT (1HO,SX2HAXs12X2HBX s 12X2HXF 2 12X2HAE )
110 FORMAT (1HN,4XBHTBRAQUE 1,6X8HTORQUE 2,6X8HTORGUE 3,15X14HSCALED T80
1RQUES )
111 FORMAT (1HO» SX 4HTIME, 10X4MX(1)s 10X4HX(2)s 10X 4HX(3)s 10X
14HX(4)s 10X 4HX(5)s 10X 4HX(6) )
112 FORMAT (1H0,4X4HTIME, 19X 26RSCALED VALUES GF X(1=6) )
113 FORMAT (tht )
114 FORMAT (10OHSET ANALGBG )
195 FBRMAT (20X 4HD(1)s 10X 4HD(2), 10X 4HD(3)»s 10X 4HD(4),
110X 4HD(S) 10X 4HD(6) )
116 FORMAT (20 4HU(1)s 10X 4HU(2)s 10X 4HU(3)» 10X 3IHX1Ss 11X 3IHX4S,
110X tHS )
7 CALL CONDITION
CONNECT(40,ADCIN)3 CONNECT(43,DTOA)3 CONNECT(44,AT8D)
CALL EMABLEs CALL ARM(408B,43B,44B): AC=1,3 CALL REG: CALL DTBA
S FG8M 030010
8 CHNTINUE
S FOM 030013
CALL IDLEs AC=0.
24 TF{(7.NE.O.) CALL REG: GO T6 19
QO CALL TOR{(RALRB,SPIR,SROR,CPIR,CRBR): CALL REG
10 ASSIGN 34 T8 NG
G T8 35
34 CONTINU £
ASSIGN 32 T8 NG
68 T6 30
32 CONTINUE
1 =L +1
TF(L.GE.NBICALL OUT3 L=0
AC=1.3 CALL IDLE
TFINF (1) EQ.NF(2) EQ.NF({3).EQ.2) GO T8 29
€ THIS IS THE DTS8A IDLE
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o Ne e Re

D0

22
21
25
20
10

17

33

27

31

SFT
12

FOLLBWING IS RANDOM

38

TF(SENSE SWITCH
TF(SENSE SwWITCh
Ui1y=0s3 U(21=093
PAUSE 163 GO T@&
IF(7.NELOW)

2)
3)
U(31=0:
13

20,8
8s25

CALL REG?

CALL TBR(RA,RB,SPIR,SRORLCPIR,CROUR) S

CBNTINUE

NG 11 J=tsNA

ralLL RK3 L=L+1

ASSIGN 33 TO NG

8 T8 3IS

CONTINUE

TFINF (1) EQ.NF(2) EQ.NF(3),EQ,
TFILLLT.NB)GO T9 11

CALL DT70A:

Ge 1o 21

GG 16 17

2)

ASSIGN 31 TO NG

G TO 30 :

CALL 8UT

I =0

WRITE(6.106)XX,5AP

IF (SENSE SWITCH 2) 20 »11
CONTINUE

IF(SENSE SWITCH 1) 12,10
SWITCH 1 FBR NEW PRINT FREQUENCY

READ(INI-100INBS GO TO 10

JA=ABS([A2KA)
T1=FLBAT(IA)/CA
TA=ABS(]A®KA)
To=FLEAT(IA)/CA
19=30RT(=2,#2ALBG(T1))
TRA=A.28318531%ALOG(T?)
TN=T9»COS(TA)

FEBLLBWING IS SENSOR PROGRAM

16

FOLLAWING COMPUTES GRBUND TRACK.,

30

AP ARE ALPHA PRIMES
XX{1=3)
ne 36 JA=1.3

AP(JA)=X{JA)+SD»Tn

NUMBER GENERATOR

CALL REG

CaLL 8uUT: GB T8 20

(ANGLES PLUS NOISE)
ARE FILTERED ANGLES:XX(4~6)

ARE ESTIMATED RATES

TI=XX{JA)+SIC=XX(JA+3)+S2+U(JAN/Z] (JA)

XX(JA)=TI*BK+ZKI*AP(JA)

XX TJA+3)=XX(JA+3)+SIGRULIAN/ZILJA)+ZK2% (AP LJA)=T 1)

GB8 TY NG#(33,34)

CONTINUE

S1=SIN(X{(3))
S2=SIN(X(2))
S3=SIN(X(1))
C1=COS(X(3))
C2=CBS(X(2))
C3=COS(x{(1))
$7=SROR2S1wC2+CROR*S2
7=SORT(ABS(1,=57%*2))

73

AHERE T4

1S LAT AND 75

15

LONG



SA=(SROR2(CL*(3=-St1#S52%S3)+CROR#S3=C2)/C7
CR=SERT(ABS(1,.~38w=2) )
S6=(SPIR*C1%«C2+CPIR2CRBR«S1«C2=-CPIRaSROR*S2)/C7
CA=SWURTLABS(1,=S6wx2))

Fo=zAYAN(S7/C7/€8)

TO2=SIN(FD)

N2=CO6S(F21

T1=S6*C7+D2+T2« (CE*SB+56»2C8eS57)
NI=SORTIABS (1 ., =Tl2x»2) )

T3=58+«C7

H3=SART(ABS(1,=T3%*21})

Y13T3x (ZKaD3*t =SART{ABS(1oe=ZKwwDa (]  ,=D3ws24Djn22))))
71=SORT(ABS(1,=Y1%%2)})

T4 =ATAN(Y1/21)/RAD

AT=SURT(ABS(ZIwa2=ZKwa2aTtuex2))

TS =ATAN(Tto(A1=ZK«D1 )/ (AL+ZK«T)#T1)/D1)/RAD +AL(3)
NATA TAsKASCA/1,4099,838R638./

GO 16 NG,(32,31)

FND
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SURRBUTINE REG

C (1=17)e605(63=66)s6R,70s735(101=129),134,135,138
C 220N=203),(207=217),(222=225),345

91
Q2
a
Q4
as
Qhk
a7

Q8
aQ

200

2Nt

n3

11

N>

12
LN

NIMENSIOBN AL{3)aNFI3ISETA(I)sUI(R)eC(3)TIMI3)aTS(3),0(6)
NIMENSION XX(6)sU(3)aT(3)s /Al (3)ZM(3)2ZIM(3)aXC(H)»7L{Ze3)aXA(6H)
COMMON /UON/CoETALNF XFoAELAXSBX 5 XX
COMMONXALUaTaZla2MalIMyAL s ZLsUTsNCosRsSeDaNASTI
COMMON /TEMP/T14T0s13,T40TS5,T6,17518,T9,T0
COMMEN /MISAL/ TH(353,7)sUX(3)
TF(J(1))92+91,01

K=1

GO 16 93

K=2

TFLU(2)195,94,94

L =1

8 T6 96

| =2

TF(U(3))08,97,07

M=%

GO T6 Q99

M=D

UX{1)=TH(1:2,L)2U(2)+TH{1,3,M)#sU{3)
UX(2)=2TH(2, 1K) aU(1)+TH(2,3,M)eU(3)
UX{II=TH(I21sK)aU(1)+TH(3,2,L)00(2)

Ng 115 [=1,3

U3CT) = UCl)

GO T8 (201,202,203).1
R(T1Y+(21(2)=Z](3))eXX(S)IaXX{(6)wAL(1))/2ZM(1)
R=R+UX(1)Y/7ZM(1)

TISXX(A)=XX(2)aeXX(6)®AL(1)

GO T8 11

R= ¢ T(I)+(Z1(1)=Z1(2))eXX(4)xXX(SI®AL(1)Y)/ZIM(3)
R=2R+UX(3)1/2M(3)

TI=XX(6)+XX (1) eXX(5)*AL(Y)
X=XX([)2ZIM(])*SIGN(1,,=-B)
YaXX([+43)wZIM{])*SIGN(1,,=-B)

8 16 18
R=(T(2)+(Z21(3)=Z1(1))axXX(6)eXX(4)2AL(1))/ZIM(2)
R=R+UX(2)/2M(2)

Ti=XX(S)l=XX{t)eXX(6)xAL (1)
X=XX{I)*ZIM(I)*SIGN(Y1,., B)

IF (B.EW.0a.) X==X

Y=XX(I+3)2Z2IM(I)*SIGN(1,,=8)

TFIX*Y)2a2,1

U(T)=SIGN(ZM(]1)s=X)%SIGN(1.s=B)

FTA(I)‘““".

C(l)i=y,

G 76 10

T2=500.+DT
TF(ZIMUL)=ABS(XB(]143)=XX(]+3))=T2)12,1213
TF(ABSIXO(I)mXX{([))=T2¢ABS(XX(1+3)))14,14,13
FTA(!)":"'o

C(ir=1.,
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68 T3 o
12 CLiy=C(llaU(])
G CHNTINUE
8 38 TR(2N19,345)NC
C NC=1 TIME BPTIMAL.208 USES MIN.,209 USES MAX.
349 IF(C(1}))208,209,20n8
2N8 TF(ABS(XX(1+3))=ABS(T1))212,212,210
200 TF{ABS(XX(1+43)}~a8BS(T1))210,212,212
210 Y=SIGN(TtaZIM{I)sY)
212 1F(ETACLI)N)ID207.207,213
213 Yz=Y#XF
207 T3=Y«Y/D.,
KA = 1t
IF ( UtE)oLE.D ) KA = 2
X1 TH{T,T.KA)
Ra = ~AES{B;
Po X o« T3I/(BA « Xt )
P4 = X = T3I/(8A + X1 )
GO TO (82.860)4KC
F3 IFIX)64:2665865
£4 TF(P2)17-16,518
A% JTF{P4)§7-17510
H&H O TEILY)Y 17-.88,16
AN TF{XYS8:66:7D
AR O TFIP2YT3016s16
0O OYFIPAII7u1T7e73
77 CENTINUE
TA=ABS AL o283 /2L013))
R=SORT(7.uT4)
Qu&ART{ZLIT. v 21 (1,3)1+T74)
TP IB.68:5
Y FIY=8) $5. L&
bFiRLEQL0,. ) GX=-10000.3 GO TO 20
Dz .ARS (9 QU=(0ASxS«2 *ReS+RR)/ (2, 2BAn(BA=X] ))
200 PR {XeQX)V 717670
a9t PaeFl (lab i 2L (] o0 uYead+ZL ([22)%BA
7:~—f.-aﬂu'a;'ZL(‘l'.ﬂ;')‘.-i_‘,l__( IN'J)W(Y'*?"Zo*('EJA-Xl)'X )
T BA#ZwZeD 25+ +ExG)eYeYe2 #GuaGa(BA=X1)2X)17,15,15
4 TFlY«SwRepAEIIR, 1515
COIE (Y {(R=8)Y) 8,15, 22
py YFiR.EQ.N.) OX=10000.3 GO T8O 23
A=~ ARSIBIS IX=(BA*(R=S)2x2=2,#ReS+R*R}I/(2,«BAv(BA+X1))
SRR N QEI2E2 16615
Cuw 2 (Tt =l 01,5 aYer2=ZL(122)2BA
Vamd w2l L2 e 2L (1a3)e(Yau2e2 v (BA+XL)*X )
TF{(=BAvZeZiD «Gwy +CAG ) AV A Y2 wGAGe(BA+X1)*X)165,15515
A TF (V= ({«S«AE)157,15:15
VROt y=g.
-8 78 7
16 ULy =SIGN{ZMIIY B
IFIRLEQD,) UltTi==U(])
Ge 76 7
U{IY=SIGNIZN(I).=B)
TFIT.EQa2) ETACII==U(])eXX(])3 GO TO 10

d

ey
ke

~ =
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10
cC 1253
123

121

1¢7
107
11t

1NnQ
110

A7
AQ

74
75

FTACI)Y=UCI)Y XX ()
X8(1)=XX(I)3 XB(I+43)=XX(1+3)
REGINS TIME SYNCH
x=XX {1 )*ZIM(])

IF (1.Ew.2) ==X
YXX{]+3)xZ2IM(])
TRaR=1(1)

TR=YeY/D,
P2z=x-T8
Pa=X+TS
GB8 TO0(117,101)sNC
IF(YI107,107,100
TF(P2)110,110s11%1

Xz==)X

S-yY
TR==U(1)
GG T8 121

IF(P4)1125111,5111
TS(]l)==ta
Go 16 113
TS(1)=ABS(Y/2,)=X/Y
IF(T8*«Y . LE.O.) TS(l)==1,
TIM(I)=2.+#SART(ABS(P2)) =Y
e TO 24t
PSzX4 (854270 (121 /(7L (1s1)=2L(]153)uYuuD))aYneD
PzY*ABS(Y)4+2.%X
S=SERT(ZL(T1,1)/2L(1,3))
TFIP)IB7,79.111
IF(Y=S)74569.89

TS(li==t.

TIM(])=Y=PA/S
GO TOB 211

TIF(PS)755,75s76

TOz=YwxD=D aX
TR=D.%Z2L (Is1)+d4.Z2L(1,2)
TO=SCRT((TRB4+ZL(1s3)aT9)ww2=8 7L ([,1)27ZL (1,3)2TQ
TO=SERT((TR47L(I,3)*T9=T) /47401 (1,3))

€C Tn IS BMEGA S1i

TIM{1)=TQ=P2/T0=-Y

C RFGIAN 1

77
78
76
79
211

299
o224

1F(Y)77:77.78

TS(I)=-‘.

G8 TO 211

TS(1)=Y/Da=X/Y

TF(T8*Y . LE.Q.) TS(I)==1,

B8 16 211

1F (YY) 75575479

TIM(I)= Y/Da=X/Y

<8 18 77

TFOABS(XX(1))=,0020) 222.223-223
TF(ABS(XX(1+43))=.00005) 224,223,223
Ut1)=0. '
NF(T)=2

TIM(I)=0.

77



223
216
226

228
118
127
129
128
138
128
134
135
126
124

GO 76 115

GO TE (115,216) » NFL(I)
TF(ABS(XX(1))=.005)226+225.225
Uitir=op.

TiM(l)=0.

GO TO 118

NF(Tl)=1

CONTINUE
TMAXEAMAX(TIMU1)sTIM(2)TIM(3))2AX
N 124 J=1,3

G8 T6 (138,124).,NF(J)
TF(TS(J))1245125s125
TF(TMAX=TS(J)) 124,124,134
IF(TMAX=TS(J)=8X) 135,126,126
TF(UB(J)) 1241262124

tUtJr=o.

CBNTINUE

RETURN

FND
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SURREBUTINE DT8A

NIMENSION X{6)U(3)aT(3)aZ1(3)aZM(3)Z2IM(3)sAL(3)sZL(3.3)sD(6)
COMMON /TEMP/T1eT0aT3sT42T5,T60175T78,19,T0

COMMON XsUsToZloZMaZ IMaALLZLS»DTsNCeRsSsDaNASTI/HYS/PALP3,PC,AC

[T AR I ) wnrn ey wom e mw;ww;wny wmnmnon nwuven

wnovew

"
12

ITF(AC) 15102

CALL DAC (0.,TU1)»PA/JZI(1))
CALL DAC (1oT(2)epa/21(2))
CALL DAC (2,T(3)*PA/ZI(3))
CALL DAC(3s.01%T4)
CALL DAC(4s.006+TR)
TFU(1))3s4,5
CONTINUE

FOM 034110

PBT =034110

FOM (034110

PBT =034101

GB T8 6

CONT INUE

F8M 034110

PBT =034110

FOM 034110

PBT =034111t

Ge T8 6

CONTINUE

FOM 034110

PBT =034100

FGM 034110

PBT =034111
IF(U(2))17:8,9
CONTINUE

FoaM 134110

PBT =034112

FoM N34110

PBT =034103

GO TO 11t

CONTINUE

FOM 034110

PBT =034112

FOM 034110

POT =034113

G8 TO 11t

CONTINUE

FOM 034110

POT =0D34102

FB8M 034110

PBT =034113
JF(U(3)1)12,13,14
CONT INUE

F8M Q34110

PET =()34114

FOM (034110

POT =034105%

8 TO 15
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»nwuoonnm

»wnovow

t4

15
10
100

CONTINUE
FOM 034110
POT =034t14
FOM 034110
PBT =034115
G8 TO 15
CONTINUE
FOM 034110
POT =034104
FoM 034110
POT =034115
RETURN
PRINT 100
FORMAT (14H TIMING IS OFF
RETURN

FND

)
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SUSRBUTINE ATOD

NIMENSION X(6)sU(3)oTU3)aZI(3I)aZM(3)sZIM(3)oAL(3)ZL(3,3)sD(6)
COMMON XoUsTsZloZMpZIMAL,ZLsDToNCsRsSsDaNASTI/HYB/PALPS3,PC,AC
CALL AJC (0,sVA)

CALL ADBC (3,VD)

CALL ADC (1,VvB)

CALL ADRC (4,VE)

CALL ADC (2,VC)

CALL ADC (S,VF)

X{1)=VA/Pd3 X(2)=vB/PB3 X{(3)=VC/FB

X(4)=VD/PC3 X(5)=VE/PC3 X{6)=VF/PC 3RETURN

FND
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SURRBUTINE 6UT
NDIMENSION X(6)sU(S)aT(3)oZI(3)aZM(3)oZIM(3)sAL(3)2ZL(3,3):01(06)
CGMMON XnUnTaZI-ZH.ZIHoAL.ZLODT:NC.R’S’DONA’Tl
COMMON /TEMP/ T1oT720sT3sT45T5sT6577.782T79,T0
IFI{NA)L L2
! WRITE(65112)T]1sXsT4,T5
WRITE(6,113)0D
WRITE(6s113)Us TUt)aX(1)eZIML)oX{4)*ZIM(1)aS
RETURN
2 WRITE (6,114) TIsXaU
RETURN
112 FORMAT (1HO,1P9E14.5)
113 FORMAT (15X, 1P7E14.5)
114 FORMAT (1HO, F6.2, 1P9EL12.3)
FND
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SUBROBUTINE STUP (CP,CRaCY.CA)
NIMENSIBN CA(3,3)
SINR=SIN(CR)
SINR=SIN(CR): SINP=SINI(CP)I3 SINY=SIN(Y)
COSR=COS(CR)3 COSP=CBS(P)3 CO8SY=CcoS(Y)

C WF COMPUTE THE MATRIX le8
CA(121)2C3SP2COSYS CA(152)==COSP*SINR#SINY=SINPeCOSR
CA{1s3)==(COSPeCOSR*SINY+SINP*SINRS CA(2,1)=5INP2LOBSY
CA(2:2)==SINPASINR*SINY+COSP*CSESR
CA(D253)2=SINPaCOSR*SINY-CUSPoSINRS CA(351)=5INY
CA(3,2)=SINR«COSYS CA(3,3)=COSR=COSY
RETURN
FND
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SURBRBUTINE INITT

NIMENSION X{6)sU(3)sT(3),Z4113)aZM(3)oZ2IM(3)sALI3)5Z2L(3,3)s006)
COMMON XoUsT,a21eZMaZIMeALS7LsDToNCaRsSsDeNALTI

COMMON /POSIN/XLATSXLON,PIR,FOR,PBE, YRS, FHSesPIF,Y4,R0b

X{3)=0.
X(4)=0.
X(8)=0.

XLON = XLON #(0.017453
XLAT =XLAT *0.0N17453

SILAT = SINF(XLAT)
SILAN = SINF (XLON)
CALAT = COSF (XLAT)
CALBN = COSF (XLON)

CONST=6.612808 :

PITCH ==ATANF ((+SILON * COBLAT)/(CONST - COLON w COLAT))

COPI = CUSF (PITCH)

SINPI = SINF (PITCH)

ROLL = ATANF (SILAT/((CONST ~COLONCOLAT)® CHPI «SILUNSCRLAT «

1SINPL))

PIR= PITCH

RBR =ROLL

CRBS = COSF(RBS)
GO TH 200
CONTINUE

SRRS = SINF (RB3)
CYRS = COSF (YY)
SYRS = SINF (YHS)
CPIR = COSF (PIg)

CYR = CUSF (YR)
CR6RA CuasF (RB3)
SYR = SINF (Y3)

SREBR = SINF (RBJ)
SPIR = SINF (213)
SPIR = SINF (PIR)
SRER = SINF (ROR)
CPIR = CBSF (P]R)
CREGR = COSF (ROR)
SPRR = SINF (PIrR = PBS)

CPRR = (CBSF (PIR - PBS) :
Gt = SRBR « CYRS » SPRB + CKOR » SYHES
FORMAT (F9.5)

G2 = SORTF (1 .,=GlweD)

X(2) = ATANF (G1/G2)
G3=(=~CROR=CYBS«SPRB+SRORwSYBS) /62
GA4=SORTF(1.-G3=G3)

X{3)=ATANF(G3/G4)

GA =(=SRBR = CRBS « CPRB = SROR+ SRBS «SYHS #3PRE8 + (RIR«SRHS *

1CYRS)Y /G2

G7= SORTF (1 = G6EwwD)
X{t)r= AJANF (GKR/G7)
RETURN

FND
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SURROBUTINE DER
NIMENSION X(H) o (Ve TUI)oZI(3Vs MU ZIMI3)LAL() 2L (353)s0(8)
COMMON X oUsTsZ21,7MsZIMaALS7LsDITaNCoRsS»DeNAL T
COMMON /MISAL/ TH(3,3s2).UX(3)
JTE(U(1))25,1,1
K=1
G T6 2
K=2
IF(U(2)) 5,444
{ =1
GO T8 6
L =2
IF(U(3)) 877
=1
GB8 T8 9
M=2
N8 10 I=1,3 .
UXCI) 2T (sl eX) UL )+ THITIL2,L)*U(2)4TH(]s3sM)*UU(3)
N(t)==AL (1) X(2)2X{H) + X(4)
N{2)= AL(1) » X(1) #«X{(6) = Xx(5)
N{3)= AL(1)2X({1)wX(8) + Xx(6)
N4z (AL(T) »2(Z21(2)=21{(3))e X(5)x X{H) +UX(1) + T(1})/Z21(1)
NIB) = (AL(L) w(Z1(3) «Z21(1)) A (Al aX(6)V+IX(2) +T{2))/21(2)
NtARY= (ALY x (Z1(1)=Z21(2) )% X(4) » X(S) +UX(3I) + T(X1y/2[(3)
RETURN
FND
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SURRBUTINE TOR(RAL,RB,SPIR,SROR,CPIR,CROR)
NIMENSION X(6)UF(3),T(3)aZ1(3)
NIMFENSION RA(3.3V,RBIIeIVNRC(Ia3V15sPD(323V0G (I X]1(353)
CBMMBN  X,UF,T,21
FN=20,
FL=13./4.
GM=€EL /D25,
FG2=4,#GMeGM
TGL=2.«GM+EL
S=qQ.4E=8
SP=SINF(X(3))
SY=SINF(X(2))
SR=SINF(X(1))
CP=CBSF(Xx(3))
CY=COSF(X(2))
CR=COSF{(X(Y))
SYRS=SROR*SP«CY+CROR#*SY
7=SYBS+SYBS
I1 CYRS=SQRTIF(1.=-7)

. GRBS=(SROR+(CP«CR=SP2SR«SY)+CROR«SR*CY)/CYBS
SPRS=(SPIR*CP*CY+CPIR*CROR«SP+#CY=CPIR«3RAR*SY)/CYBS
7=SRBS+SRBS
YBS=ATANF{SYBS/CYBS)
CRRS=SORTF(1,-SRES#SRES)
CPRS=SQRTF(1.=-SPES*SPBS)
RBS=ATANF{SRBS/CRBS)
PBS=ATANF(SPBS/CPRS)

CALL STUP(PBS,RRS,YBS,RC)
C WF NFEN RC TRANSPOSE.
DS S1 NI=t1,2
I1P=NI+1%
ne st NJ=]P,3
TM=RC (NI NJ)
RCINILNJI=RC(NJWN])
G8 T8 S1
51 RCINJSNLI=TM
NG 82 NI=1,3
N8 S?2 NJ=1,3
RDI(NISNJI=0O.
NS> NK=1,3
32 RD(NISNJI=RDINILNJISRAINISNKI®RCINKoNJ)
nes3 NI=1,3
Ng &3 NJ=1,3
GINIsNJ)=Q0.
NOSX NK=1,3
53 GINTSNJI=GININI)SRDINISNKI*RBINK,NJ)
C THIS COMPLETES THE G MATRIX,
JF(G(1e2) )1+9Q,1
C wF ASSUME ATAN(X) GUVES RABGE =90 T0 +90 DEGREES
20 BR=0.
IF(G(322)160:62.61
Al SiR=t,
8 T8 20
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A0

62

-

24

RQ

R2

R

Ag
>N

A

7 TAA=S#(COD*SQRTF {205, =XB)w (TAN2«E| #EL*_ S3333=-50,

A3

12

13
14

17

SIR==1{,

G8 78 20

SIR=0.

G8 T8 20

T1F(G(3e?2)) 255,52
TF(G(12)105.5,24
SIR=).

COR=-t.

<8 76 2n

SIR=0.

CBR=1,

Go 76 20
RETA=ATANF(G(3,2) /G(1.2)
JF(RETA)B85,85,89
TF(G(J3s2))IRIB2.82
SIR=SINF(BETA)
CBR=CBSF(BETA)

<8 176 20
RETA=BETA+3,14159>57
G TR 8>

IF(G(3.,2)) 82,82,83
CoN=G(2:2)2G(2,2)

TAND=SQRTF (1.=C20)/(=G(2,2)

TANO=TAND*#TAND
XB=1,/FG2/TAN2
TF(2725.=-XB)HsB,7
TAA=],

G8 10 &3

1TAND)

CANTINUE
CD='G(7.?)
SD=SERTF(1.-C2D)
NT=ATANF(TAND)
XN==15.,

FIN=D,

IF (DT)8.9,9
NT=DT+3.14159
1F(G(2:2)) 1011511
TR=1,
TF(1.97965=-DT)112512,13
Xt=15,

8 T8 14
Xt==,5/GM/TAND
H=(X1=XN)/EN

ne 16 1=1,20.2
Al=1

FaXn+AlwH

ASSIGN 17 T8 M
G T8 30
FIN=FIN+4,%F
F=Fa+H

ASSIGN 18 T8 M
GO T8 3n
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t8
t6

10
15

19

4?2

43
41

21

22

30

40

70

FIN=FIN+D »F
CONTINUE
FIN=Ho(FIN=F)/3.,
TR= 4,«S«FINwTR
G8 16 26
IF(NT=1.16194)15,15,19
TR:" ®

G8 T8 112
X1=2=,5/6M/TAND
XN1=X1

X11=15.

FIN‘:DO
H=(X1=X0)/EN

ne 4t 1=1,20,2
Al=1

F=XN+Al»H

ASSIGN 42 T8 M
8 T6 30
FIN=FIN+4,F

F=fFa+M

ASSIGN 43 TO M
G0 76 3n

FIN=SFIN+2,#F
CONTINUE

FIN=Hw (FIN=F)/3,
=(X11=-X01)/EN

F=Xn1

ASSIGN 21 TO M
G® TO 40

GIN=F

N8 44 1=1,20,2

Al=]

F=XNni+A]*H

ASSIGN 22 T8 M

Ge T8 4n

GIN=GIN+4,»F

F=F+H

ASSIGN 23 TO M

GO TG 40
F=(2,#»GMeE*SD+CD) aw)
XO=F =g
XB=SQRTF(1./FG2+X2)
XC=SORTF (295, ,=X2)
XD=ATANF (XC/XB)
XA=(FG2/2 wExXO=Ew (TGL=1.))/(2.2GM)/SQRTF(1.4FG2#x2)*XD
Fe=Fw (XA+E/2 # (XC=XB*XD))
G8 TO M :

Xozg*E

XC=SQRTF (225 ,=X2)
¥XRB=SORTF(]./FG2+XD)
XD=ATANF(XC/XB)
IF(1S.=(E+1./GM/TAND))I70.70271
XF=n,

8 16 72
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. 71 CONTINUE

XF=SORTF (225 .=(E+1./GM/TAND)*=D)/XpB

72 CONTINUE
XE=ATANF ( XF)
XAS(FGO2/2 e 2ExXDwaEa(TGLe1.)) /(2. 2GM)I/SQARTF (1. +FG2«X2)%{XD=XE)
F=(D,#GMsE*SD+CDIne?
FeFe(XA+E/ D o (XC=XFaXB)v( XD=XE))
G TO M

23 GIN=GIN+2,+F

44 CONTINUE
GIN=H*(GIN=F) /3,
TR= 4, +Sw(FIN=GIN)

26 TAR= ,25+TAA+ . 7S5*TR
T(1)==SIB*TAB
T(2)=0.
T(3)y=C08B+TAB
SP=SPRS
SY=SYRBS
SR=SRBS
cY=CYBS
CP=SQARTF(1.-SP#*SP)
CR=SQRTF(1.=SR«SR)
NG 27 NA=1,3
N8 27 NB=1,3

27 GI(NBsNA)I=RA(NALZNB)

‘ ne 58 L=1,3

D28 XT(L»LYI=SGILa ¥ ) wa2«Z ()45 (Las2)%wdaZ](2)4G(Lo3)ww2xZ1(3)
XT(12)=6G(101)%G(Da1 ) 2Z1{1)45(1s2)%6(22)1%71(2)14G(1s3)%G(2s3)»
171(3})
XT (131G (11)2G( 31 ) wZ21(1) 4G (12105 (3221271 (2)145(1,3)1%G(3,3) %
171(3)
XI(9.1‘=XI(1.2)
XT(3s1)=X1(13)
X1(25s31=G( (241 )2G {31171 (1)45(2,2)2G(3s2)1 %7 (2)14G(2,3)1«5(3»3)#
171(3)
X1 (3s2)=X1(2,3)
At=SPx*CY
AD=<SP*SR*SY+CP2CR
AZ3z=SP*CR*SY=CP2SR
RASXT (1ot wAT+XT(1o2)2A24X](1,3)%A3
RB=XT1 (21 ) %A1+ X (2,21 2824 X1(2,3)%A3
RC=XI(3s1)wAt+ X[ (3,21 2#A2xaX1(3,3)%AZ
T(1)=15.0E=Q* (=8BB*xAJ+HC*AD) +1 (1)
T(2)1=15.9E~Q* (BA*AJZ=HCxAY) +T(2)
T(A)=15.9%x(BB2At1=RA#A2)2t E=Q +T(3)
RETUPN
FND
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SURRBUTINE RK

NIMENSION X(6)oU(IIaT(3)oZ1(3)ZM(IVsZIMI3IaAL(3)27L(3,3),0(6)
NIMENSIBN R{(K),SA(6)s SB(6)sSC(6)sSD(6)
COMMBN XaUsToZleZMaZIMoALSZLaDToNCsZsSsDaNASTI
NG 2 N=1,6

RIN)=X(N)

CALL DER

NG 3 N=ts6

SAINY=D(N)+DY

NG 4 N=1.6

X(N)=R(N)+SA(N)Y/2,

Ti=T1+0T7/72.

CALL DER

NG & N=1s6

SBIN)=D(N)«DT

NG & N=1,6

X (NIER(N)I+SBINI/2.

CALL DER

N8 7 N=1s6

SCIN)=D(N) DT

TI=TI1+LCT1/2.

N3 R N=t,6

X(NY=R(N)+SC(N)

CALL DER

N8 @ N=1,6

SDIN)=D(N)«DT
XIN)ZER(N)+(SA(N)+SDIN))/6.+(SBIN)+SC(N)) /3.
RETURN

FND
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ELASTICLITY

r MO DEL
C DATE 11 MAR 58
C
C
C
c
€C 7n0a 7704 T4 7408
C1 NA.NB.PA,P3,P( 213,5F10.5
C2 71(1=3), iM(1=3))s A {1=3}, 9" 3.5
C3 7L(1e1)s ($92)0ccaaceal3s) 9F 8.5
€4 AX,RX.PIB.ROB,YB,PIUBS,RUBS, YDES 9F 3.5
€S YU ATOBNGXLAT X U®NsDTHAE 9F 8.5
Cé Ty T(2) 1(3) : QF 8.5
C XF PRFVENTS JAGS COMING IN3 AE INCREASES ZERO SANDIAX.BX LEAD FACTORS
C 7=n USES TOR SUBROUTINE
C (3=A) (10-16]} 2023427530s3135s (100~116)
NIMENSIONX(10)YoU(3)oT(3)sZ1(3)VeZM(3)eZIMII)IALIIILZL(3.3),0(20)
DIMENSIBN RA(3,3)RBIIoI)oRCSs3)o D(3eIVLETA(IILCIIIGNF(3)
DIMENSION XX(1D)
COMMON /CON/CaETAJNF o XFoAEsAXpEBXeXX
COMMON XsUaTolleZMaZIMeALs7L s DT aNCaRsSeDaNA,TI/HYB/PA,F3,PCsAC
COMMEN /PESIN/XLATSXLON,PIR,ROBR,P8S,YBS,RBS,PIR,YdsRME
COMMEN /TENMP/T1412:T3:T4.T75,76s175T3579,70
tX Tl=n.
T2 CONTINUE
i =0,
T4=6.610808
7K=T4
NC=>
RAD=.,017453
AC=1.,
ng 1 I=1,3
NF(I)=1.,
Cilry=1.
1 CONTINUE
READ (S5,100INANB,PA,PBsPC,Z
REAN(S.101) (Z1(1)51=13) 0l iM{I)al=1e3)s(AL(]),1=1,3)
READ (5.101) ((ZL(15J)sJ=153)s1=1s3)
READ (8,101 AXeBXs XFsP1BsROBs YB.RDBS,YDBS,POBS
READ(S.101) YO»AT,ONGoXLAT« XLONLDT s AE
READ (S,101) Te (O(1)sl=11,514)
C Nit1)eN(14) LENGTH, MASS, SPRING CUNSTANT, DAMPING CUBEF.,
ne 35 I=1,3
ZIM(I) =21 (1)/72M(1)

UTYy=2M(1)
I35 CONTINUE

IF(7L(122) oEQaD.eANDZL(1,3).EQ.D.)
23 T7=aAT

TA=ONG

Ta=XLAT

Trto=XLON

ENG=ONG=-AL(3)

XLON=XLON=AL (3)

NC=1
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I3 AT=AT»RAD
ONG=BNGeraA™
YN=YI«RAD
SAT=SIn{AT)
SON=ZIN(BNG)
CAT=C8S(ATl)
CON=CBS(BNG)
T1=8IN(YO)
To2=COS (YD)
T3=TA4=~CAT=CON
POo=ATAN(=CAT*SBN/T3)
SP2=SIN(P2)
RO=ATAN(SAT/(COS(P2)«T3=CAT«SON®SP2) )
Ts=T1«CES(R2) )
YBS=zATAN(TS/SART(t,=TS5%%D))
T8=SIN(R2)I/COBS{YBS)
RBS=ATAN(TS/SORT (. =~TE5%x2))
TSs=2z(SPo>wT2=T1«SIN(R2)«CBS(P2))/COBS(YBS)
PBS=ATAN(TS/SQRT (1., =T5*22))
WRITE (6,105)
WRITE (6,106)((ZL(I5J)s J=1,3)s1=1,3)
WRITE (6,107
TEM=YQ/RAL
WRITE (6,106)TEM 277578, T9sT10sRRS,YBSL,PBS,DT
WRITE (6,108)
WRITE (/,106) (ZI1(1)s1=1.3)s (ZM(1),s1=14.3)s (AL(]),e]I=1,3)
WRITE (6,1N9)
WRITE (65,106)AX.BXsXF,sAE
CALL INIT
NG 37 [1=1,3
XX(P)=X(1)
XX(143)=0.
X{(1+6)=0.

37 XX{1+6)=0.

XX(10)=0.
xX({t1tn)=nN.
CALL STUP(0Ne9e356902+0.sRA)
CALL STUP(AL(3)50.s0.2RB)
N8 4 1=1,3
ne 4 J=t1,3
RD(1,J)=0.
NG 4 K=1,3

4 RD(1sJ)=RD(IsJI+RA(ISKIMRB(KsdJ)
CAtL STUP(PIR,RIR,0.,sRA)
N8 8 [=1,3
Ng |8 J=1,3
RE(J.1)=0.
N & K=1,3

8 RB(Js1)=RB(IJeI)+RD(IsK)2RA(KSJ)

C 5 TAKES THE TRASPOSE AS IV COMPUTES THE PREDUCT
CALL STUP (PIB,ROB.YHBsRA)
SPIR=SIN(PIR)

SRBR=SIN(ROR)
CPIR=COS(PIR)
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‘1

CRBR=LOBS (=R

TF(7.NELOL) Ge Te 16

A CALL TER (RA.RB,S5P[R,5R08,CPIRL,CROR)

14 CONTINUE
T4=77
TR=T8
T7=T(1)=PA/Z1 (Y1)
TR=T(2)ePA/Z]1 (D)
TO=T(3)*«PA/ZI(3)
WRITE (6,110)

WRITE (6,106)1T(1)eT(2),T7(3)sT7,T85T9

IF (NAY1IS,14,15
tS CALL OUT
G0 10 10
14 WRITE (6,112)
Ti=X(1)=PB
To=xX(2)=P8
T3=X(3)~PH
Ta=x(4)=PC
TS=X(5)=PC
T6=X(6)+PC

WRITE (6,106) 11sT1,72,T3,T4,15.T76

WRITE (6,113)
PAUSE 11

10 TF(7.EQ.0.) CALL TOR(RAL,RBsSPIR,SRBR,CPIRL,CROER)

ne 38 JB=1,10
IR XX(JB)Y=X(JB)
CALL REG
NA 11 J=tsNA
CALL RK
| =L+1
ASSIGN 3t TO0 NG
8 706 30
I CONTINUE

TFINF(1)4NF(2)4NF(3)1=6) 27420227

27 TF(LLLT.NBIGS TO9 11
caLL @ur
i =0
11 CONTINUE
1F (SENSE SWITCH 1) 41,40
41 READ (101,100) NB
G868 T8 10
40 TF(SENSE SWITCH 2) 20,10
20 CALL BUT
PALUSE 16
G0 76 13
30 CONTINUE
C FOLLBWING COMPUTES GROUND TRACK,
S1=SIN(X(3))
SO2=SIN(X(2))
S3I=SIN(X(1))
C1=C0S(X(3))
Co=CB8S({X{2))
f3=CBS(X(1))
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R7=SRER*SI+C24CR" -+
C7=SURT (1 ,=57257)
LAz (SRORe(CE»_3=57 +52*33)4CROReS3nC21/C7
CAz=ZQORT 1 =S~ v5ad
SAR=(SPIR*C1aC 407 IaROK+SI#C2«CP ] *SRABR«S52)/(C7
FEzSRRT (1 .,=56+5%
Fo=ATAN(S7/C7/CR}
T2=8IN(F2)
No2=C8S(F2)
T1=S6+C72U24+T 2+ (CheS583+4S64C8257)
N1=SORT(1.,=Tt«T1)
T3=58«C7
N3zSOURT(1.,=T3=T3)
YI=T3n (ZKeIwD1=SURT (1 =ZK*ZKa (] ,=D3*[3«D1*D1)))
71=SGRT(t.=YIwYY)
T4 =ATAN(YY/Z11/RAD
A1=SORT(Ztelt=w/K*,/KaT1eT1)
T =ATAN(TIx(AY=ZKeD1)/(AL+ZK*T1eT1)/D1)/RAD +ALI(3)
GO TE& NGs(32,31)
100 FARMAT (215,5F1N,.5)
1Nt FORMAT (9F8,5)
1N2 FORMAT(46H TYPE POS YO,ATONGsTARGET LAT AND LONG 9FS5,3 )
1N3 FORMAT (OFK,3)
1N& FIRMAT (tPOE14.5)
1NS FORMAT (1HO,2X 1OHLAMDAC(I,1)s4X10HLAMDA(1,5,2)s4X10HLAMDA(143),4X10M
1 AMDA(2,1)s4X10HLAMDA{252),4X10HLAMBA(2,3)54X10HLAMDA(3I,1)s4X10HLA
PMDA(JIL2) o 4XI0OHLAMDA(3,3) )
107 FORMAT (1HDs4XOHYNL12XOHAI 11 X3IHONGs 1 IXIHLAT,L 1 1 XIHLON, 1 1t XIHRBS,11X
D2IHYRS, 11 XIHPBS,12X2HDT )
1N8 FORMAT (1HD,dX8HMOIMENT 1,6X8HMOMENT 2,6 X8HMOBMENT 3,8XdHZM 1,10X4HZ
OM 2. 10XAHZN 3,AX7HALPHA 1,7X7HALPHA 2,7X7HALPHA 3 )
110 FORMAT (1HN,SX2HAX, 12XPHBX» 12X2HXF, 1 2X2HAE )
110 FORMAT (tHO,4XBHTBROUE 1,6X8HTORQUE 2,6XBHTOBRQUE JI»15X14HSCALED TO
1RGUES )
111 FORMAT (tHNs X 4HTIMES, 10X4HX(1)s 10XAHX(2)s 10X 4HX(3I)s 10X
14HX(4), 10X 4HX(S)s 10X 4HX(6) )
112 FORMAT (1HN,AXAHTIME, 19X 26RSCALED VALUES OF X(1e6) )
113 FORMAT (tH1I )
114 FORMAT (1OHSET ANALOG )
135 FORMAT (20X 4HD(1)s 10X 4HD(2)s 10X 4HD(3)s 10X 4HD(4),
110X 4HD(S)s 10X 4HD(6) )
116 FBRMAT (20X 4nU(1)s 10X 4HU(2)e tOX 4HUEI)s 10X 3HX1Ss 11X 3HX4S,
110X tHS )
FND
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SUKRBUTINE REG
C 7nQ4 7004 75 7094
C ('-!7)060"63‘66)9“;‘9705730(‘0"129).‘3‘.1350’36
C 220N=203)1,(207=217),122722225)434%
nIMFNS‘BNXX('ﬂ).U(3)JT(3)’71(3’.2"(3’:2‘"(3’.‘?‘10).ZL(3.3)
NIMENSION AL(3)NFIZ)IAETA(I)AUBII)eCIIVSTIM(I)oTS(3)sD(2D)aXA(10)4
COMMONXA UoToZl e ZMaZIMoAL 0?2 s DT oNCoReSsDeNASTI/HYB/PALPH,PC,AC
COMMON /CON/C,FTANF XFo,AE+AXaBX, XY
COMMON /TEMP/T14T2,T3:T4,T5:T6,17eT7T8,T70,710
ne 15 1=1,3
2n0 UB((1Y = UCh)
G3 T8 (201,202,20X),1
201 R=2(T I+ (ZI(2)=Z]1(IV)aXX(S)eXX(6)@AL(Y))/7ZM( )
TI=XX(4)=XX{(D2)V XX (6)wAL (1)
GO T8 11
2nA3 R= ( T (I)+(Z1(1)=21(2))eXX(4)aXX(S)eAL(L))/EM(T)
TI=XX{R)+ XX (1) XX (B} AL(1)
1t X=XX(I)«ZIM(])aSIGN
YeXX(]+3)eZIM(T)eS]
<9 TG 18
2n? S(T(2Y+ (2] tXVeZT 1)) XX )0 XX{4)0AL (1YY 2M(2)
TIXX(R)e XX (P e XX(HIAL (1)
X=XX(])eZJM(])=SIGN(1., B)
TF (B.,EWU.0.) zwX
YXX(]+3)eZIM(1)1eSIGN(Y1,,=8)
tR IF(X*Y)2,251
1 UCT)=SIGN(ZM(I) ,=X)*SIGN(1,,-B)
FTa(l)==y,
C(ly=1.
<8 76 10
2 T72z=200.+DT ’
TE(7IMUI)IwABSIXO(]14+43)=XX(14+3))eT12)12,12+13
12 TF(ABS(XC(I)eXX(1))aT2«ABS(XX(143)))14.14,13
13 FTA(I)==-1,
Cily=1.
GO 1€ 9
14 C(I)=C(l)«U(])
9 CONTINUE
B GO TO(209,345),NC
C NC=1 TIME BPTIMAL .2Nn8 USES MIN_,209 USES MAX,
248 IF(C(1))208,2N9,2Nn8
208 JF(ABSIXX({1+3))1=ARS(T1))212,212,210
209 TF(AGS(XX(I43))=48S5(T1))1210,212.21?2
210 Y=SIGNITI+7ZIM(]),Y)
212 IF(ETA(D)IONT 2207213
21 Y=YaXF
2N7 Tx=yeY/?2.
Po2=x=T3/(B=1.)
PA=X=T3I/(B+1.)
GO T8 (A3,60).NC
A TFIX)64+56s65
A4 TF(P2)17516s15
AS [F(P4)17s17s15A

(1.
NG ,,=3)
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c

AR

s}
AR
-
77t

10

26

20
21

22
28

27

23
24

16

17
32

AL
tn

123
123

12%

117
107

TSV 17 ,(5. A
TEIXIAR, A6, TN
TFIP2173s1het
TFIP4A)IYT7 .17
FANTINUE
TASAPS(Z2L (] 42 ea/ 7L (]23))
R=SART (D2 +7
S=SQART(ZU (1,70 1,301474)
TEF(X)I3eb6,5
TF{Y=S) 19.4-.2
TFIR) 26,525,725
Ax==10100.
8 T8 20
RA==ABS(3)
AOX=(HA*S*SeD +PaS3ReP )/ (D, «eBAN(BA=-1,))
IF(X=0X117+17,21
el (It )=t {13 )aYwad47L ([,2)0PRA
SeD W T ([p214Z2L ([o3)n(Ye4D=2 v (RA=], )n) )
TF(( BAxZea74D e w] c3RC)wYaYe2  aGeGr(BA=y VX )17,15,515
'F(V'S'R"AE)'S-'S.‘6
JF{Y=(R=S})) R,185,22
1F(RB) 27,28,27
AX=10000.
<8 78 23
RA==ABS(B)
AX=(RAw(R=S)wa2=? *R#S+RaR)I/ (2, #BA+(BA+1,.))
JF(X=QGX)124s16e1A
G770l (lat)=ZL (1,31 2YwaD=7 {1,2)#BA
730271 ([s2)V47L ([ o3)x(YraD=2 a(EHAST ,)*X )
TF((=BAR7 074D ,4G*7 452G ) eYuYeD wGaGo(BA+T )X )16,15,15
IF(Y=(=S=AE))17,15,158
(ry=0.
G8 T0 7
U{T)I=SIGN{ZM(]).B)
TF(R,EQ.N.) UlI)==U(])
Go 16 7
U(T)Y=SIGN(ZM(]) e=RB)
IF( 1e2)131,32,31
FTA(I)=U(]linX
G T 10
FTA(T)=U(])eXX(])
X8(1)y=xx([)
XB8(1+3)=XX(]1+3)
REGINS TIME SYNCH
X=XX(])=Z]M(])
1IF (1,EQ.2) ==X
Y=XX{1+3)2Z2IM(1)
Te=U(1I)
TS=sYsY/2,
Po=X=TR
Pa=X+TS§
GO TO(117,100).NC
TF(Y)ITI07-,107109
1F(P2)110,110,111
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tna
1v0

112
t1

10

R7
RQ

74
7

cC Ta
C RFEG
77

78

76

79

a4
2114

222
224

223

216
226

228
115
127

X==X

Y==Y

Te==U(1)

G2 TE 121

TF(22) 112,111,111

TS(l)==t.

G3 T8 113

TS(I)=AB3(Y /D ,)aX/Y

TF(TE*Y LE, D.) TS(]l)==yg,
TIM(I)=2,«SQRT(ARS (PO ) )=y

GO 7O 211
PS=X4+(.842,%7L(1s2V/(ZL (11 ez ([o3)eYaeD})aYueD
P=Y*ABS(Y)+2_ 2X
S=SQRT(ZL(T.1)/72L(1,2))

TIF(P) A7+.7G,111

1F{Y~-S)74,8G,80

TS(I)==t,

TIM(]1)=Y=P4/S

G T8 211

IF(PS)I785:75,76

TO=YwaDd=D 2 X

TR=D ,#7L ([a1)44.%7L (1,2)
TO=SSORTI(TR+ZL(1+43)070)0e2=R o7 (1,1)2Z2L(1,3)2T0O)
TA=SORTI(T8+4ZL(1+3)279=TN)/4.72L(1e3))
IS OMEGA St

TIM(1)=TO=P2/T0=Y
I8N 1

IF(Y)77:77.78

TS(l)==t.

8 T8 211

TS(1)=Y/D,=X/Y

TEF(TexrY LLE. D) TS(1)==1,

G8 T8 >4

IF (YY) 785,75,7¢9

TIM(])= T Y/ D =X/Y

8 12 77

X==X

YzeY

GO TE& 121%

TFIABS({XX(1))=.0020) 222+223.223
TEOABS{XX(]143))=.n0005) 228,223,223
utlyry=g.

TIM(I)=0.

NF(])=2

G T8 115

K=NF ()

G8 TP (115,218).K
TFCABS(XX(I))=.0081226 »022%,228
uiry=on.

TIM{I)=0.

GO T 6 115

NF(T)=1

CANTINUE
TMAX=AMAXL(TIM(1 ), TIM(2),TIM(I))wAX
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129

128
138
128
134
135
126
124

ne 124 J=1.3

K=NF(J)

GO TG (138,124),K
TF(TS(J))1244125+125
TF(TMAX=TS(J))1724,124,134
TF{TMAX=TS(J)=BX)135,126,176
TF(UB(J))124,1269124
HeJi=on.

CONTINUE

RETURN

FND
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SURIBUTINE DER
NIMENSTONX (10 o (3) o T(I) o Z1(3)sZM(I)pZIM(I)sAL(3)2ZL(3s3)sD0(20)
COMMBN XU s T e 7] 3ZMeZIMeA _p7ZL o DTaNCoeRaSesDaNALTI
CAMMEBN JTEMP/T1 .70, T3,T4,.TS,T6eT7.Ta,T2,T0
FOQUIVALENC. (XL D1t (XM BU12) ) (ALF,D(13))e(RETWD(1a))
C THIS PROGRAM IS 2NLY T8 CHECK ELASTIC EFFECTS
£ YL 1S 2868M LEN:T"=. XM ][5 MASS (SLULY)
c ALF IS SPRING CONSTANTR BETA IS LDAMPING
7101 =71 (1) =XMuxl we?
ZI(3)=71 (3 )=XMa X we?D
T7=X{4)2eX{(7)+X(8)uXl +X{(6)ex(a)
Ta=X(4) 292+ X(S)ewdaX(f)aw)
TO= YMe (=D 2 (X(A)aX(Q)mX AV X( 1) )X (S)aT7+XL*TR=(D(6)eX(7)eD(4)D
teX(R)))
Ti=XLe (ALFoX(8)+PET#X(10))=X(8)2TQ
ToO=RET=(X(8)eX(QV=X(7)eX(10))
T3z XL (ALFaX{7)1+8ETaX(Q))+X{(7)*T9g
N(1)==AL(1)e X(D2)aeX(6) + X(a4a)
N(2)= AL(1) = X(1) #X(8) = X(5§)
N(I)= AL(1)aX(t)*X(S) ¢+ X(6)
N(a)= (AL(1) w(Z2]11D2)=Z1(3))e X(S)e X(6) + UC1) + T /7Z21(1)
NIS) = (AL(1) w(Z1(3) «Z1(1))eX(4)eX(H) +UC2) «T(2))V/21(2)
N(RY= (AL(1)» (Z1(1)=Z]1(2))e X(4) w X{(S) + U(Y & T(IWV/Z1(3)
N(a)=D(4ar+T1/721(1)
N(S)Y=D(8§)+T2/721(2)
N(AI=D(6)+TI/Z21(3)
N(7)=x(9)
NER)Y=X(10)}
N(Q)==(ALF2X(7)+BETEX(Q) )/ XMeX(4)2T74X(7)12T8=(D(S)aX(8)=D(6)wXL)
t=2 «X(5)eX(10)
N{IN)=={(ALFaX(8)+BET*X(10))/XMeX(6)*T7+X(8)«TR=(D{4) XL «D(S)*X(7)]
t+2.¢X{(8)eX(Q)
F104)=72101)+4XMeXLweD
7I(3)=71(3)+XMeX| w2
RETURN
FND
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SURRBUTINE RK .
BIMENSIONX(10).U(3)aT(3)0Z1(3)eZM(3)HLZIM(3)sAL(3),Z2L(353).D0(20)
DIMENSION R(10).,8A(10),SB(10)sSC(10)sSD(10)

COMMON XsUsToZ10ZMaZIMoALSsZLsDTaNC»ZsSaDaNASTI

NG 2 N=t.,10

RI(N)SX (N}

CALL DER

NG 3 N=t1,10

SAIN)=D(N)#*DT

NG 4 N=1,10

X(NI=R(N)+SA(N)/2.

Ti=aT1+DT/2.

CALL DER

NG 85 N=1,iN

SB(N)=D(N)«DT

NG 6 N=1,10

X(N)=R(N)+SB(N)/2.

CALL DER

NG 7 N=1,10

SCI(N)=D(N)«DT

Ti=T]l+DT/2.

NG A& N=1,10

X(NY=R(N)+SC(N)

CALL DER

N8 9 N=1,10

SDI(N)=D(N)=DT

X{N)=R(N)+(SA(N)+SDI(N))/6.+(SBI(N)+SCIN))I/3, .
RETURN

FND
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SURRBUTINE DT84
nIMr\SIBNx(ln>,u(3!.T(3).Z!(3).ZM(3).21Mc3),AL(3),2L(3,3),D(20\

CAOMMEAN X.U,T.Z?.ZM.7!M.AL.ZL.UI,NC.R.S,D.NA.TI/HYB/PA.P&.PC,AC
AC=AC

RETURN
FNN
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SURRBUTINE ATOD .
NIMENSTONX(L1O)»U(3)oT(3)oZI(3)ZM{T)ILZIMI3)I-AL(3)22L(353),D(20)

COMMON X’U-T’Zl'ZMQZlM.ALnZL:DI:NCoR:S.DnNAnTl/HYB/PA.PB:PCpAC

AC=AC

RETURN

FND
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112
113

SURREUTINE €7

DIMENSIONX (1) 1) TURY) Gy Z1I(3)p2ZMUB) L Z2IM(3)ALI3)2Z2L{3,3).D(20)

CAMMEBN X Us T2l o dMeZ Mo, 7L s DToNCoR,S,0,NA,T]

CAMMBN JTEMP/ T ,72,T3.T4,T8s10877:.iR,73,10Q
WRITE (&,112) Tl.X

WRITE (6,113! D

WRITE (0,o113) U,T4a,T18

FORMAT (17, FA.2, 1PINE12,.3)

FORMAT (77X, *2310E12,3)

RETURN

FND
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SURROUTINE STUP (CP,CRsCYsCA)
NIMENSION CA(3,3)
SINR=SINI(CR)
SINR=SINI(CR )
SINP=SINI(CP)
SINY=SIN(Y)
CBSR=COS(CR)
CaSP=CAS(P)
COSY=CBS(Y)
C WF COMPUTE THE MATRIX [+8
CA(1,1)=COSP*COSY
CA(12,2)==COSP*SINR*SINY=3SINP«COSR
CA(1+3)==COSP*COSR*SINY+SINP*SINR
CA(2,1)=SINP«COHSY
CA(2,2)==SINP#SINR*SINY+COSP#«COSR
CA(D,3)==SINP2COSR*SINY=COSP#*SINR
CA(3,1)=SINY
CA(3,2)=SINR«CBSY
CA(343)=COSR=COSY
RETURN
FND
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SURRBUTINE TOERIRA,RB,SPIR,SROR,CPIR,CROR)
nlMFNSIBNX(10)30(3’9‘(3)911(3)-ZM(3)oZlM(3,OAL(B)uZL(3n3’nD(2O)
NIMENSION RA(3.31,RB(3s3V14PCI3,3)aFD(3531,6(R,3V1,XI(3,3)

COMMEON XoUeTsZT10ZMpZIMaAl o ZL o DToNCsRsSsDaNALT

7(' )=loE'7

T(2)1=t . E~7

T(3)=1.E=7

RETURN

FND
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SURROUTINE INIT

NIMENSTIONX(10 0 (X)), T(3)0Z21(3)eZM{3)eZIM(I)ALIR)LZL(323)sD(20)
NIMENSION A(R,3) B Is3)sC 323V H(I)IaW(T)

COMMEBN XoUsT a7l oM. ZIMaALSZLsDTsNCsRsS,DsNASTI

COMMEBN /POSIN/XLAT.XLON,PIR,ROR,P3S,Y3S,RBSLPIR,Y3,REB8
XLBN = XLBN «0,N17453

XLAT =XLAT «0,N17453

SILAT=SIN(XLAT)

SILAN=SINIXLEN)

COLAT=COS(XLAT)

COLAN=COS (XLEN)

CONST=6.610808

PITCH ==ATAN ((+SILON « COLAT)/(CONST = COLON « CBLAT))
COPI=COS(PITCH)

SINPI=SINI(PITCH)

ROtL.L = ATAN (STLAT/((CONST =COLONSCOLAT)* CAP] «SILON«COLAT =«
1SINPL))

PIR= PITCH

RBR =ROLL

CRRS=COBS(RBS)

SRRS=SIN(RES)

CYRS=CBS(YZS)

SYRS=SIN(YRS)

LPIR=CBS(PIB)

tYR=COS(YE)

CROBR=CBS(REB)

SYR=SIN(YE)

SRAR=SIN(REB)

SPIR=SIN(PIB)

R(1.1) CPIB » C¥YB

[}

R(t1.2) = =CPIB » SRBB » SYB - SPIB * CROSH
R(1.3) = «CPIB = CROB » SYR + SPlg » SR@8
R(2.1) = SPIB « CYB

R(2.,2) = =-SPI3 « SROB » SYB + CPIB * CROB
R(2,3) = =SPIR » CRORB « SYR = CPIB =« SR@SB
R(3.,1) = SYB

R(3.2) = SRYB » CyB

R{3.,3)=CROB=CYH

A(1.,1) = 1,

A(1.2)=0.

A(r,3) = SYBS

A(2.,1) = 0.

A(2,2) = «CRRBS

A({2,3) = CYBS = SRRS

A(R,1Y = 0.

A(3,2) = SRBS

A(3,3) = CYBS « CwrRS

Ne 17 X = 1,3

N8 17 1 = 1.3

C(l1.X) = 0.

Ne 17 J = 1.3

C(l1.K) = B{l.J) » A(JsK) 4+ C(]l.K)
t7 CONTINUE
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H{1)=RDNBS

W(2)1=v"1S

HM(3)=PDES

ng At 1 = 1,3

W(l1)y = 0.

Ne 62 J = 1,3
WITY=wl])+C(Tl,JVen(])

CONTINUE

X(1+43) = wtl)

CONT INUE

SPIR=SIN(PIR)

SRAR=SIN(ROR)

CPIR=COS(PIR)

CRAR=COS(RBR)

SPRA=SIN(PIR=-PES)
CPRA=CHBS(PIR=PRS)

Gt = SROR =+ CYRS « SPRR 4+ CROBR # SY8S
FORMAT (F9.S)

G2 = SQRT (1o=GlrwD)

X(2) = ATAN (G1/7G2)
G3=z(=CROR#CYBS«SPRB+SROR*SYBS) /G2
G4=SQRT (1.=G3+G3)

X(I)=ATAN (GI/GA)

G6 =(=SROBR « CRRS # CPRB = SROR« SRBS #SYBS =#SPR8B 4+ CROR«SRBS =
1CYRS)Y/GD :
G7= SQRT (1o= GHwe2)

X(1)= ATAN (G6/G7)

RETURN

FND
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7.5 Simulation Medel For Analog Computer

Equations of Motion

The equations of motion for the satellite rotational dynamics

are written

Loy = (Ip-Ig)wawy + By + Ty (7.5.1)
Lows = (Ig-I)Wyws + By + Ty (7.5.2)
Tats = (I;-Iz)wywe + Bg + T (7.5.3)
where Bi and Ti represent lumped control and disturbance torques
respectively,
The Euler rate transformation equations for the rotational
sequence 6, -¥, 9 (pitch, -yaw, roll) are written
= w - wa¥ (7.5.4)
§ = =Wy + Wal (7.5.5)
§ = Wz + Wa® (7.5.6)
when small angle approximations (cos x=1, sin x=x) are used for
the angles 8, -Y, and 9.
Lumped Control Torque
For the case of no thrustor misalignment the lumped contrqlA
torques By, By, and B; are written
By = (t; xdy) uy (7.5.7)
B = (tz xd2) ug (7.5.8)
(7.5.9)

Ba = (ta X d3) Ug
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where,

1 (+) thrust

o
]

1 =<4 0 no thrust

-1 (=) thrust

(s
H

i thrust

di = moment arm.
When each of the six attitude control jets (+ pitch, + yaw, + roll)

can be misdaligned in either aximuth () or elevation () the

equations for Bi must be rewritten.

+ 0+ o+ -, - -
By by1 bz bai] Jca uy by bz bay | {c1 uy
+ .+ o+ -, - -
Bo] = |bz1 boa bas| fco uz| + |[bay bpz bz | |co up 7.5.10
+ o+ o+ -, - .
Ba bay baz baa| jcz us bz; bzz baa | |ca3 ua
where,
c, =, xd,
i i i
bi} = misaligmment coefficients for (+) thrustors
bi} = misalignment coefficients for (-) thrustors

Equation (10) can be expanded to

+ - + - + - - =

By =c1 u (bj1 @ by1) + caup(byizs @ byz) + c3uzlbis @ by3)(7.5.11)
+ - + - + -y =

Bo = ¢y up (byy @ bzy) + coup(boz @ baz) + cauz(baz @ ba3)(7.5.12)

B3 = C; WU (bst@ba{) + Coup (b3;®b32-) + C3U3(b3;® bg;)(?.i.l:})

where (bi; + big) is the misalignment coefficient for u= +1 or (®)

u= -1,
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Lumped Disturbance Torque .

The lumped disturbance torques Ti represent total disturbance .
acting on the satellite. In general this is the sum of the gravity

gradient torque and solor pressure torques.

Thrustor Real Effects (TRE)

The simulation of the Thrustor Real Effects requires three
separate time constants for each of the three axes. The time
constant s are designated kij where "i" is the axis. j=1 is the
rise time constant; j=2 is the steady'state decay time constant;
j=3 is the fall time constant.

The diagram below shows a typical curve used for the TRE

simulation,

o IDEAL THRUST ‘
7 TN :
/ G
/ Ki\2\ REAL
/l SN THRUST
~
b Agg—t = |-l T~e |_STEADY STATE
e __| _STEADY STATE _
_D I/ K. \
@ i \
- ; \
\ K.
» | \ i3
/ “
/ ~
{ 4% = \\‘1
o " 'ss !
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Fuel Consumption

The fuel consumption is determined from the following equation

FC = _Lﬁultll + |U2t2| + |U3t3| dt.
ISP

This equation can be rewritten and scaled as follows
3

(10FC] = .Z; lo0L, ‘/q[ssi x 103/Ii]| dt..
! X 5 x 10% _

ISP x d,
i

Scaled Equations of Motion

(50, x 10%]

. .84, [250w,][250wa] + (5B, x 103/1;) + (5T; x 10°/I;)

10
[5¢. x 10°] = ;%ga (250w, J[250ws] + (5B; x 10°/Iz) + (5T x 103/I)
(503 x 10%] = ‘%%1 (250w, J[250ws] + (5Bz x 102/I5) + (5Ta x 10%/Iz)

[2508] = [250w,) - % (250w, J[5¥]

[250¥] = -[250uw.] + % [ 250ws ][ 50)

[2508] = [250ws] + L [250uw; 1[ 54]

where,

&
L}
—

|
—
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7.6 Overall Hybrid Simulation

The objective of the Hybrid Simulation was to gather
per formance and design data for the optimal attitude slew
controller discussed in Parts I thru VI of this report.
In order to accomplish this objective a Hybrid Computer
system was used to model the Optimal Control Equations,
Disturbance Torques, Satellite Rotational Dynamics, and
Thrustor Real Effects, Each of these models were tied
together as a total hybrid simulation by a Digital/Analog

Interface.

The optimal control equations and external disturbance
torques (Solar & Gravity Gradient) were programmed on
the SDS 9300 digital computer. Position and rate in-
formation required in the optimal control equation were
generated from the satellite rotational dynamics model
programmed on the EAI 231R-V analog computer, The thrustor

real effects were incorporated into the analog dynamics model.

The digital interface (CSE-1) and analog interface (DOS-350)
made-up the linkage between the analog and digital computers.
The digital interface provided A/D conversion, D/A conversion
and timing. The control commands to the dynamics model were

interfaced through the analog interface.

A block diagram of the simulation hardware and its function
is shown on the next page. The symbols in this diagram are

defined in Section 7.5,
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7.7 Simulation Setup Procedures

a. Load digital program using standard 9300 procedures.

When loading is complete computer will PAUSE,

b. Place the data deck in the card reader and clear the
PAUSE, 1Initial conditions for both the analog and digital
computers will be output on the line printer and computer

will PAUSE.
c. Set analog potentiometers for the dynamics constants. (ref. 7.8)
d. Set interval timers for the desired sampling time.
e. Set up strip chart and X-Y recorders,
f. Place analog computer in IC mode.

g. Set analog potentiometers and switches in accordance with

the printout. (ref. 7.8)
h, Clear digital PAUSE,

i, Place analog computer into operate. Run will now start.
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7.8 Analog Patching

This section is devided into four parts.

A,

Initial Condition Setup

Dynamics & Control

Thrustor Misalignments

Thrustor Real Effects & Fuel Consumption
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INITIAL CONDITION SETUP
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VARIABLE POTENTIOMETER
MSG | REePORT
S — |
X i{0) ¢ (0) P50
X2 (0) ¥ (0) PSI
X3 (0) 6 (0) P54
X4 (0) w, (0) P55
X5 (0) w, (0) P58
X 6(0) Wy {0) P59
swiTeH]| 00 | 10 | 20 | o1 T 21
VARIABLE RIL|IRILIR|L|IR]L|{RILI[R
X 1 (0) -+
X2 (0) - |+
X3 (0) -+
X4 (0) — 1+
XS (0) -+
X6 (0) - |+

INITIAL CONDITION SET-UP
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DYNAMICS & CONTROL
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POTENTIOMETER | VARIABLE VALUE
:
Qo6 (t,Xd)) (5) ,4000
(t Xd ) (5
Ql6 ,Xd, (5) .2000
t _ Xd 5 .60
Q26 ( 3 3) (5) 6000
PO6 1000/1, .2793
Pl6 1000/1, .5076
P26 1000/14 .5000
Q12 (.8)(13-I|)/12 4l
8)(1 -1)/1
Q22 ( 1 .6440

POTENTIOMETER SET-UP (DYNAMICS)
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U C (b +@b“"

[U,C, (bt @b -

_U3C3 (b3t ®b,3 )d

[U26, (bt @b o5 )]

3
\53 (10/1))
[
54/[ ] () TO AO2

[u C, (b, * @b - ]

[U ¢ (b23+@b23')]

3
\[582] (10 /12)
64 @ TO Al2

U.C (b *@®b__-)
L 3 3 33®‘ 33 _

-
Uc + -
L | I(b3l ®b3l )

wd

+
2 2“)32@-)b

-

\ 3
39/ {28) TO A22

LUMPED THRUST TORQUE
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FROM
9300

- (5T X 106) D/A o-—(5T|X|05) [51' X 10 ] T0

TI132

\
T133

|:5T , X 10 4]
TO

Al2

3\7
®
v

5T xlo“]
—(5T 3 x10%) D/A3_(sT xno'5)/\ [ 3
- 3 Y 19 . TO
< 10 A22
T34

DISTURBANCE TORQUES
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v
: |
oclo T\ ACO Too -0 D/A 20
C ¢ ¢
oS Sie —O D/A 30
-0 D/A 32

o |
octt ! Aol TOI D/A 21

Ty 2% =
= bos MG —O D/A 3|
—O D/A 33

+
N Y2
A02 TO2

ociz > 3\ A2 T O D/A 40
S bos MG —O D/A 42
O D/A 44

-
octs 2 2\ A03 TO3 -0 D/A 4l
S P bos MLs O D/A 43
O D/A 45

+
N\ U3 ‘
ocCila D/A OO

/ -3\ O
|/ c/ —O D/A 02
O D/A 10

, s
ocis > 3\ D/A Ol

D/A O3
D/A 1

6606

OPERATE

THRUST CONTROL LOGIC
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THRUSTOR MTSALIGNMENTS
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POTENTIOMETER VARIABLE VALUE
P32 by +
+
P33 2
P34 b 5,
Q32 by T
Q33 b, -
b -—
Q34 3
b +
P42 00
b +
P43 |12
b +
P44 32
Q42 b 22—
Q43 b s~
Q44 b 5,~
b
Pa7 33
b +
P48 23
P49 b I3 +
b p——
Q47 33
Q48 b 3™
Q49 b 13 -

POTENTIOMETER SET-UP (MISALIGNMENT )
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L4

G')bll—)]

+
I

[U|C| (b,

Uc (b + -
[I (Bt Dy )]

Cc -
[UI I(b3l+@b3l )]

uc_ (b +@b, -
[22(32®32):|

b+ -~
I:u3c3( 33r O3 )]

[u3c3( b, @, )]

@baa_)]

uc(b_+
33 13

40

THRUSTOR MISALIGNMENT
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T POSITION
SWITCH

RIGHT LEFT
12 b, +by)
'3 —by +by
22 by +bg
23 - b3|' +b3|-
S0 -b3 +b,t
31 -blz" +b |2—
32 - b, +by,
33 - b32— * b32_
40 b,y +byy'
4 —byy thyy
42 —b3 +bs
43 - b,3' + b|3'

SWITCH SETTINGS
( THRUSTOR MISALIGNMENT )
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THRUSTOR REAL EFFECTS & FUEL CONSUMPT LON
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—5c|x103/1

SBIXIO3/1|

Q)

- 5C,X1071, Ib
(23) &

c

3
582X|O /12

3

3
583Xl0 /I3

THRUSTER REAL EFFECTS

131

(REAL)
SW20
= N TO
G- AO2
( IDEAL)
-0
| : + : 7 C2
@—
Ib (REAL)
O
X \ SW2! To
ﬁ_\(.’z Al2
26/ (IDEAL)
o
+ : C3
, (REAL)
SW22
Y~ TO
& (IDEAL) A22
-0



5B )(IO:S/I|

5B xuo% R

2

2

5B, XI07/1

3

3

27

O

28
2/10
1/10{63 126
@
29
32
2/10
1710 {64
|
100 I,
Q25 = = .0300
d X ISP X 5 X 10%
100 I,
P26 = = ,0210
d, X ISP X5X10%
100 13
Q27 = , = -0180
d3X ISP X 5X10

FUEL CONSUMPTION
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POTENTIOMETER| VARIABLE VALUE

Q25 1001, 1 X X5XIO" .0300
p

P26 |ooled2xxspx5x|3 .0210
Q27 |0013/d3x1spx5x|o4 .0180
Q20 Ki2 .2800
Q2! Koo .2800
Q22 K .0018
Q23 Koy .0018
Q24 K3 .0018
Q30 K 0150
Q3l Koy .0150
Q35 K 3| . 0150
PO8 K . 2800
PO7 Kaq . 0750
PI7 Kao .2800
P20 Ki2 .2800
P2l K3 .0750
P25 K22 . 2800
P26 Koz - .0750

POT SET-UP
(TRE AND FUEL CONSUMPTION)
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TRE®
| —————

SWITCH

20

rd

22

YES (AXIS 1)

NO (AXIS 1)

YES (AXIS 2)

NO (AXIS 2)

YES (AXiIS 3)

NO (AXIS 3)

% THRUSTOR REAL EFFECTS

FUEL
CONSUMPTION

SWITCH

30

31

32

R|L

R|L

YES (AXIS 1)

NO (AXIS 1)

YES (AXIS 2)

NO (AXIS 2)

YES (AXIS 3)

NO (AXIS 3)

SWITCH SETTINGS

(TRE AND FUEL CONSUMPTION)
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